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ABSTRACT

Background

Randomized controlled trials (RCTs) have yielded conflicting results regarding the ability of beta-blockers to influence perioperative
cardiovascular morbidity and mortality. Thus routine prescription of these drugs in unselected patients remains a controversial issue.
A previous version of this review assessing the effectiveness of perioperative beta-blockers in cardiac and non-cardiac surgery was last
published in 2018. The previous review has now been split into two reviews according to type of surgery. This is an update and assesses
the evidence in cardiac surgery only.

Objectives

To assess the effectiveness of perioperatively administered beta-blockers for the prevention of surgery-related mortality and morbidity in
adults undergoing cardiac surgery.

Search methods

We searched CENTRAL, MEDLINE, Embase, CINAHL, Biosis Previews and Conference Proceedings Citation Index-Science on 28 June 2019.
We searched clinical trials registers and grey literature, and conducted backward- and forward-citation searching of relevant articles.

Selection criteria

We included RCTs and quasi-randomized studies comparing beta-blockers with a control (placebo or standard care) administered during
the perioperative period to adults undergoing cardiac surgery. We excluded studies in which all participants in the standard care control
group were given a pharmacological agent that was not given to participants in the intervention group, studies in which all participants
in the control group were given a beta-blocker, and studies in which beta-blockers were given with an additional agent (e.g. magnesium).
We excluded studies that did not measure or report review outcomes.

Perioperative beta-blockers for preventing surgery-related mortality and morbidity in adults undergoing cardiac surgery (Review) 1
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Data collection and analysis

Two review authors independently assessed studies for inclusion, extracted data, and assessed risks of bias. We assessed the certainty of
evidence with GRADE.

Main results

We included 63 studies with 7768 participants; six studies were quasi-randomized and the remaining were RCTs. All participants were
undergoing cardiac surgery, and in most studies, at least some of the participants were previously taking beta-blockers. Types of beta-
blockers were: propranolol, metoprolol, sotalol, esmolol, landiolol, acebutolol, timolol, carvedilol, nadolol, and atenolol. In twelve studies,
beta-blockers were titrated according to heart rate or blood pressure. Duration of administration varied between studies, as did the time
at which drugs were administered; in nine studies this was before surgery, in 20 studies during surgery, and in the remaining studies beta-
blockers were started postoperatively. Overall, we found that most studies did not report sufficient details for us to adequately assess risk
of bias. In particular, few studies reported methods used to randomize participants to groups. In some studies, participants in the control
group were given beta-blockers as rescue therapy during the study period, and all studies in which the control was standard care were at
high risk of performance bias because of the open-label study design. No studies were prospectively registered with clinical trials registers,
which limited the assessment of reporting bias. We judged 68% studies to be at high risk of bias in at least one domain.

Study authors reported few deaths (7 per 1000 in both the intervention and control groups), and we found low-certainty evidence that
beta-blockers may make little or no difference to all-cause mortality at 30 days (risk ratio (RR) 0.95, 95% confidence interval (Cl) 0.47 to
1.90; 29 studies, 4099 participants). For myocardial infarctions, we found no evidence of a difference in events (RR 1.05, 95% CI 0.72 to 1.52;
25 studies, 3946 participants; low-certainty evidence). Few study authors reported cerebrovascular events, and the evidence was uncertain
(RR 1.37,95% CI 0.51 to 3.67; 5 studies, 1471 participants; very low-certainty evidence). Based on a control risk of 54 per 1000, we found
low-certainty evidence that beta-blockers may reduce episodes of ventricular arrhythmias by 32 episodes per 1000 (RR 0.40, 95% Cl 0.25
to 0.63; 12 studies, 2296 participants). For atrial fibrillation or flutter, there may be 163 fewer incidences with beta-blockers, based on a
control risk of 327 incidences per 1000 (RR 0.50, 95% Cl 0.42 to 0.59; 40 studies, 5650 participants; low-certainty evidence). However, the
evidence for bradycardia and hypotension was less certain. We found that beta-blockers may make little or no difference to bradycardia
(RR1.63,95% C10.92 to 2.91; 12 studies, 1640 participants; low-certainty evidence), or hypotension (RR 1.84, 95% CI 0.89 to 3.80; 10 studies,
1538 participants; low-certainty evidence).

We used GRADE to downgrade the certainty of evidence. Owing to studies at high risk of bias in at least one domain, we downgraded each
outcome for study limitations. Based on effect size calculations in the previous review, we found an insufficient number of participants
in all outcomes (except atrial fibrillation) and, for some outcomes, we noted a wide confidence interval; therefore, we also downgraded
outcomes owing to imprecision. The evidence for atrial fibrillation and length of hospital stay had a moderate level of statistical
heterogeneity which we could not explain, and we, therefore, downgraded these outcomes for inconsistency.

Authors' conclusions

We found no evidence of a difference in early all-cause mortality, myocardial infarction, cerebrovascular events, hypotension and
bradycardia. However, there may be a reduction in atrial fibrillation and ventricular arrhythmias when beta-blockers are used. A larger
sample size is likely to increase the certainty of this evidence. Four studies awaiting classification may alter the conclusions of this review.

PLAIN LANGUAGE SUMMARY

Beta-blockers to prevent death or serious events after heart surgery

This review assessed evidence of whether beta-blockers given around the time of surgery can reduce death or other serious events for
people undergoing heart surgery.

Background

People undergoing heart surgery are at greater risk of complications and death. Heart surgery increases the amount of stress in the body,
causing the release of the hormones adrenaline and noradrenaline. This stress can lead to serious events including death, heart attacks,
stroke, or anirregular heartbeat. Beta-blockers are drugs that block the action of adrenaline and noradrenaline on the heart. Beta-blockers
can slow down the heart and reduce blood pressure, and this effect may reduce the risk of serious events. However, they can also lead to
a very low heart rate or very low blood pressure, and this effect may increase the risk of death or a stroke. Prevention of complications
around the time of surgery is an important safety consideration for people undergoing heart surgery.

Study characteristics

The evidence is current to 28 June 2019. We included 63 studies with 7768 adults who were undergoing heart surgery, including coronary
artery bypass graft and valve replacement surgery. Studies were mostly randomized controlled studies, and six were quasi-randomized
(participants were allocated to groups by methods such as using hospital record numbers or dates of birth). The types of beta-blockers
were: propranolol, metoprolol, sotalol, esmolol, landiolol, acebutolol, timolol, carvedilol, nadolol, and atenolol. These beta-blockers were
compared with either a placebo (disguised to look like a beta-blocker but containing no medicine) or with standard care. Beta-blockers

Perioperative beta-blockers for preventing surgery-related mortality and morbidity in adults undergoing cardiac surgery (Review) 2
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were started before surgery, during surgery or at the latest by the end of the first day after surgery. The length of time beta-blockers were
given varied between studies. In most studies, at least some of the people were already taking beta-blockers, which would be expected
for people who had conditions that needed heart surgery.

Key results

Beta-blockers probably make little or no difference to the number of people who die (29 studies, 4099 participants) or have a heart attack
(25 studies, 3946 participants) within 30 days of surgery. This was supported by low-certainty evidence. Few studies reported on people
who had a stroke, and we were uncertain whether or not beta-blockers reduced strokes because the certainty of the evidence was very low
(5 studies, 1471 participants). Beta-blockers may reduce atrial fibrillation, which is an irregular heartbeat starting in the atrial chambers
of the heart that increases the risk of stroke if untreated (40 studies, 5650 participants; low-certainty evidence). Beta-blockers may also
reduce ventricular arrhythmias, which are potentially life-threatening irregular heartbeat rhythms originating in the main chambers of the
heart, and which may need immediate medical treatment (12 studies, 2296 participants). We found that beta-blockers may make little or
no difference to whether people experience a very low heart rate or very low blood pressure.

We were uncertain whether beta-blockers made a difference to the number of deaths up to a year after surgery (3 studies, 511 participants),
to death because of the heart (4 studies, 320 participants), or to people who had heart failure (3 studies, 311 participants). The certainty of
this evidence was very low. People who took beta-blockers had a shorter hospital stay by about half a day (14 studies, 2450 participants;
low-certainty evidence).

No studies assessed whether people on beta-blockers had a better quality of life after heart surgery.
Certainty of the evidence

The certainty of the evidence in this review was mostly low. We found that many studies reported methods that we believed could influence
the results. For example, many studies did not use a placebo-control and the doctors might, therefore, have treated people differently in
each group. We were unable to explain some of the differences that we found in the data for atrial fibrillation. We also needed to have
evidence from a larger number of participants to be very confident in our findings.

Conclusion

Beta-blockers may be beneficial for people who are undergoing cardiac surgery because they may reduce the number of people who
experience atrial fibrillation and ventricular arrhythmias. Beta-blockers may make little or no difference to the other outcomes in this
review, including death, heart attacks or stroke.

Perioperative beta-blockers for preventing surgery-related mortality and morbidity in adults undergoing cardiac surgery (Review) 3
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SUMMARY OF FINDINGS

Summary of findings for the main comparison. Perioperative beta-blockers for preventing surgery-related mortality and morbidity in adults
undergoing cardiac surgery

Beta-blockers compared to placebo or standard care for preventing perioperative mortality and morbidity in adults undergoing cardiac surgery

Population: adults undergoing cardiac surgery under general anaesthesia

Setting: hospitals in: Australia, Austria, Belgium, Brazil, Canada, China, Denmark, France, Germany, Israel, Italy, Japan, Netherlands, New Zealand, Norway, Portugal, Spain,
Sweden, Switzerland, Turkey, UK, USA

Intervention: beta-blockers (metoprolol, propranolol, sotalol, esmolol, timolol, landiolol, nadolol, acebutolol, atenolol)

Comparison: placebo or standard care

Outcomes Anticipated absolute effects* (95% Cl) Relative effect Number of par-  Certainty of
(95% Cl) ticipants the evidence
Risk with control Risk with beta-blockers (studies) (GRADE)
All-cause mortality Study population RR 0.95 4099 DPOO
o (29 studies)
(within 30 days) 7 per 1000 7 per 1000 (0.47 to 1.90) Lowd
(3to 14)
Acute myocardial infarction Study population RR 1.05 3946 BDOO
o (0.72t0 1.52) (25 studies)
(within 30 days) 29 per 1000 30 per 1000 Low?
(21 to 43)
Cerebrovascular events Study population (RR1.37,95% CI 0.51 to 1471 lelelo)
o 3.67) (5 studies) Very lowb
(within 30 days) 10 per 1000 14 per 1000
(5 to 36)
Ventricular arrhythmias Study population RR 0.40 2296 DBOO
. (0.25 t0 0.63) (12 studies)
(within 30 days) 54 per 1000 22 per 1000 Low¢
(13 to 34) NNTB: 31 (25 to 50)
Atrial fibrillation or flutter, or both Study population RR 0.50 5650 ®B00
o (0.42 t0 0.59) (40 studies)
(within 30 days) 327 per 1000 164 per 1000 Lowd
Bradycardia Study population RR1.63 1640 DBOO
(0.92t02.91) (12 studies) Lowe
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(within 30 days; as defined by study authors, mini-

mum heart rate < 60 beats per minute or requiring 30 per 1000 48 per 1000

medication) (270 87)

Hypotension Study population RR 1.84 1538 DBOO
. ; o (0.89 to 3.80) (10 studies) Lowe

(within 30 dgys; as defined by study authors, mini- 15 per 1000 28 per 1000

mum systolic blood pressure <90 mmHg or requir- (14 to 58)

ing medication)

*The risk in the intervention group (and its 95% Cl) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% ClI).
Cl: confidence interval; RR: risk ratio; NNTB: number needed to treat for an additional beneficial outcome

GRADE Working Group grades of evidence

High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.

Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.

Low certainty: our confidence in the effect estimate is limited. The true effect may be substantially different from the estimate of the effect.

Very low certainty: we have very little confidence in the effect estimate. The true effect is likely to be substantially different from the estimate of effect.

aWe downgraded by two levels: one level for study limitations owing to the inclusion of several studies at high risk of bias in at least one domain; and one level for imprecision
owingto awide Cl in the effect estimate and because the evidence was from too few participants; our estimate for the required number of participants was taken from a calculation
in a previous version of the review (Blessberger 2018).

bwe downgraded by three levels: one level for study limitations owing to the inclusion of several studies at high risk of bias; and two levels for imprecision owing to the very
wide Cl in the effect estimate and because the evidence was from too few participants. Our estimate for the required number of participants was taken from a calculation in a
previous version of the review (Blessberger 2018).

¢We downgraded by two levels: one level for study limitations owing to the inclusion of several studies at high risk of bias; and one level for imprecision because the evidence
was from too few participants; our estimate for the required number of participants was taken from a calculation in a previous version of the review (Blessberger 2018).

dwe downgraded by two levels: one level for study limitations owing to the inclusion of several studies at high risk of bias; and one level for inconsistency owing to moderate
level of statistical heterogeneity which we were unable to explain through subgroup analysis.

eWe downgraded by two levels: one level for study limitations owing to the inclusion of several studies at high risk of bias in at least one domain; and one level for imprecision
owing to the very wide confidence interval and because the evidence was from too few participants. Our estimate for the required number of participants was taken from a
calculation in a previous version of the review (Blessberger 2018).
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BACKGROUND

Description of the condition

Cardiovascular mortality and morbidity are prevalent and costly
in people undergoing cardiac surgery, and prevention of early
postoperative complications remains a major issue (Oprea 2019).
Surgery for acquired cardiac disease has a mortality rate of up to
1% to 4% (Sanagou 2012; SCTS 2015), a perioperative myocardial
infarction rate up to 9% (Chen 2007) and overall complication rates
of 15%, depending on the type of operation and a person's co-
morbidities (Crawford 2017).

Description of the intervention

There are various pharmacological agents that may be used to
protect people undergoing surgery against adverse cardiovascular
events (Lewis 2018), and alpha-2 adrenergic agents have also been
evaluated for their use perioperatively (Duncan 2018). In addition,
the choice of anaesthetic drugs and techniques can also affect
cardiovascular outcomes (Hristovska 2017).

This review, however, evaluates the effectiveness of beta-
adrenoceptor blocking agents, or beta-blockers, for this purpose.
These pharmacological agents block the actions of the
stress hormones epinephrine (adrenaline) and norepinephrine
(noradrenaline). They are typically used to manage abnormal
heart rhythms, heart failure, coronary heart disease, and their
effectiveness has been assessed for hypertension (Wiysonge 2017)
and for secondary prevention of stroke (De Lima 2014).

How the intervention might work

Cardiac adverse events appear to be related to the persistently
exaggerated sympathetic response that is associated with
substantial increases in heart rate and myocardial oxygen
consumption. Drugs that block beta-adrenergic receptors, and
thus the sympathetic response, are capable of preventing
cardiac complications in people with acute myocardial infarction,
silent ischaemia and heart failure (Oprea 2019; Thaper 2018).
Perioperative blockade of beta-adrenergic receptors, therefore, has
been proposed to reduce the risk of perioperative complications in
people after cardiac surgery but its routine use is still a matter of
debate (Sousa-Uva 2017).

Why it is important to do this review

Current guidelines on the use of beta-blockers in aortocoronary
bypass surgery suggest that people with an ejection fraction greater
than 30% should receive beta-blockers preoperatively to reduce
in-hospital mortality (Hillis 2011). This class Ila recommendation
was based on smaller RCTs and observational studies indicating
reduced mortality with the use of beta-blockers in bypass surgery.
Besides this, all people undergoing aortocoronary bypass surgery
are diagnosed with coronary heart disease and therefore should
receive beta-blockers if not contraindicated for other reasons (class
la recommendation; Montalescot 2013). However, evidence from
a previous version of this review evaluating all-cause mortality
within 30 days demonstrated little or no difference in mortality for
people undergoing cardiac surgery (Blessberger 2018). We aim to
incorporate new evidence into this review, to increase the certainty
of the effect of beta-blockers in this population.

Our previous review assessed the effectiveness of beta-blockers
in both cardiac and non-cardiac surgery (Blessberger 2018). The
previous review has now been split into two reviews according to
type of surgery. This is an update, in which we assess the evidence
in cardiac surgery only. We report the evidence for non-cardiac
surgery elsewhere (Blessberger 2019).

OBJECTIVES

To assess the effectiveness of perioperatively administered beta-
blockers for the prevention of surgery-related mortality and
morbidity in adults undergoing cardiac surgery.

METHODS

Criteria for considering studies for this review
Types of studies

We included randomized controlled trials (RCTs) and quasi-
randomized studies in which investigators used methods to
allocate participants to groups such as hospital record number or
date of birth.

Types of participants

We included studies that assessed the effects of beta-blockers on
adults who were 18 years of age or older and who were undergoing
cardiac surgery under general anaesthesia.

Types of interventions

We included studies in which beta-adrenoceptor-blockers (beta-
blockers) were administered during the perioperative period; we
defined the perioperative period as 30 days before surgery to 30
days after surgery. Beta-blockers could be started before surgery,
during surgery or at the latest by the end of the first day after
surgery. Beta-blockers were given intravenously, orally or via a
feeding tube, and were compared with a control (placebo or
standard care). We excluded studies in which all participants in
the standard care control group were given a pharmacological
agent that was not given to participants in the intervention group;
similarly, we excluded studies in which all participants in the
control group were given a beta-blocker.

We excluded studies (or intervention groups within a multi-arm
study) in which the beta-blocker was given with a supplementary
agent (e.g. magnesium) unless the agent was given in both groups
as part of standard care management.

Types of outcome measures

We excluded studies that did not measure review outcomes (see
Differences between protocol and review). Except for long-term
all-cause mortality, length of hospital stay, and quality of life, we
aimed to collect outcome data that were measured within 30 days
postoperatively or before hospital discharge (whichever occurred
later). We removed some outcomes in this update (see Differences
between protocol and review).

Primary outcomes

« Early all-cause mortality

Perioperative beta-blockers for preventing surgery-related mortality and morbidity in adults undergoing cardiac surgery (Review) 6
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Secondary outcomes

« Long-term all-cause mortality, occurring later than 30 days
postoperatively

« Death due to cardiac causes

« Acute myocardial infarction, as defined by study authors. We
included only non-fatal myocardial infarctions if a distinction
was possible.

« Cerebrovascular events: transient ischaemic attack (TIA),
prolonged reversible ischaemic neurological deficit (PRIND), or
stroke, as defined by study authors. We included only non-fatal
cerebrovascular events if a distinction was possible.

o Ventricular arrhythmias: tachycardias and
ventricular fibrillation

« Atrial fibrillation or atrial flutter (or both)

« Bradycardia, as defined by study authors (minimum criteria:
below 60 beats per minute or requiring medical intervention)

« Hypotension, as defined by study authors (minimum criteria:
below 90 mmHg systolic blood pressure or requiring medical
intervention)

« Congestive heart failure, as defined by study authors

« Length of hospital stay

« Quality of life, as defined by study authors

ventricular

Search methods for identification of studies
Electronic searches

We identified RCTs through literature searching with systematic
and sensitive search strategies, as outlined in Chapter 6.4 of
theCochrane Handbook for Systematic Reviews of Interventions
(Lefebvre 2011). We applied no restrictions to language or
publication status. We searched the following databases for
relevant trials:

« Cochrane Central Register of Controlled Trials (CENTRAL; 2019;
Issue 6) in the Cochrane Library (searched 28 June 2019);

« MEDLINE (Ovid SP; 1946 to 28 June 2019);

« Embase (Ovid SP; 1974 to 28 June 2019);

« CINAHL (EBSCOhost: 1981 to 28 June 2019);

« Biosis Previews (1969 to 28 June 2019);

« Web of Science (SCI-EXPANDED; 1900 to 28 June 2019);

« Conference Proceedings Citation Index-Science (CPCI-S; 1990 to
28 June 2019).

We developed a subject-specific search strategy in MEDLINE
and other listed databases, in consultation with the Information
Specialist for Cochrane Anaesthesia. We subtracted the previous
review's search results (up to and including 2012) from the new
search. Search strategies can be found in: Appendix 1; Appendix 2;
Appendix 3; Appendix 4; Appendix 5; Appendix 6; Appendix 7.

We scanned the following clinical trials registers for ongoing and
unpublished trials:

« World Health Organization International Clinical Trials Registry
Platform (www.who.int/ictrp/en/) on 22 March 2019;

« ClinicalTrials.gov (www.clinicaltrials.gov) on 22 March 2019.

Searching other resources

We carried out citation searching of identified included studies
published since 2012 in Web of Science on 22 March 2019
(apps.webofknowledge.com). We conducted a search of grey
literature using Opengrey on 5 April 2019 (www.opengrey.eu/). In
addition, we scanned reference lists of relevant systematic reviews
which were published since 2015.

Data collection and analysis

Two review authors (SL, and LF or MP) independently selected
studies and extracted data from new included studies. We
compared decisions at each stage. In cases of disagreement,
we reassessed the respective studies to reach consensus, and if
necessary included a third review author (HB) for resolution.

Selection of studies

We used reference management software to collate the results of
searches and to remove duplicates (Endnote). We used Covidence
2019 software to screen results of the search of titles and abstracts
and to identify potentially relevant studies. We sourced the full texts
of all potentially relevant studies and considered whether they met
the inclusion criteria (see Criteria for considering studies for this
review). We reviewed abstracts at this stage and included them in
the review only if they provided sufficient information and relevant
results that included denominator figures for the intervention and
control groups. We recorded the number of papers retrieved at each
stage and report this information using a PRISMA flow chart (see
Figure 1). We report in the review brief details of closely related but
excluded papers.

Data extraction and management

We used a data extraction form to collect information and
outcome data from studies (Appendix 8). We collected the following
information.

» Methods: type of study design, setting, dates of study, funding
sources and study author declarations of interest

« Participants: number randomized to each group; number
of losses; number analysed in each group and whether
intention-to-treat analysis was used; baseline characteristics
(age, gender, American Society of Anesthesiologists (ASA) grade
of other measure of health status, type of surgery, history of
coronary heart disease, myocardial infarction, hypertension,
reduced ejection fraction, chronic obstructive pulmonary
disease (COPD), preoperative use of beta-blockers)

+ Intervention: details of beta-blocker (type; dose; time; duration;
route of administration; goal-directed or fixed-dose), and details
of control (placebo or standard care)

« Outcomes: data for all reported review outcomes including
study author definitions, measurement tools, and time points.

We considered the applicability of information from individual
studies and generalizability of the data to our intended study
population (i.e. the potential for indirectness in our review).

In multi-arm studies, we did not collect data on any groups that
were not eligible for inclusion in the review.
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Assessment of risk of bias in included studies

We assessed study quality, study limitations, and the extent of
potential bias using the Cochrane 'Risk of bias' tool (Higgins 2017).
We assessed the following domains.

« Sequence generation (selection bias)
« Allocation concealment (selection bias)

« Blinding of participants, personnel, and outcomes assessors
(performance and detection bias)

« Incomplete outcome data (attrition bias)
« Selective outcome reporting (reporting bias)
« Otherrisks of bias

For each domain, two review authors (SL, and MP or LF) judged
whether study authors made sufficient attempts to minimize bias
in their study design. We made judgements using three measures -
high, low, or unclear risk of bias. We recorded this in 'Risk of bias'
tables and present summary 'Risk of bias' figures (see Figure 2 and
Figure 3).

For other risks of bias, we considered the effect of beta-blockers
given as 'rescue therapy' to treat specified conditions. We judged
studies to have a high risk of other bias if administration of such
'rescue therapy' had the potential to influence outcome data.

Measures of treatment effect

We collected dichotomous data for mortality outcomes,
acute myocardial infarction, cerebrovascular events, ventricular
arrhythmias, atrial fibrillation and atrial flutter, bradycardia,
hypotension, and congestive heart failure. We collected continuous
data for length of hospital stay.

For dichotomous data, we reported risk ratios (RRs) to compare
groups, and continuous data as mean difference (MDs). We reported
95% confidence intervals (Cls).

Unit of analysis issues

For multi-arm studies, which included different types of beta-
blockers or different doses of beta-blockers, we combined
dichotomous data to create a single beta-blocker group, and
we used these composite data in the primary analysis. During
subgroup analysis by type of beta-blocker, we included data
separately for each type of beta-blocker, and used the 'halving
method' with data in the control group to avoid a unit of analysis
error (Deeks 2017).

If multi-arm studies had included continuous data for length of stay,
we planned to calculate combined mean and standard deviation
values according to the formula provided in Chapter 7.7.3.8 of the
Cochrane Handbook for Systematic Reviews of Interventions (Higgins
2011).

Dealing with missing data

If information on both study group allocation and respective
outcomes was available, we re-included withdrawn participants in
keeping with the intention-to-treat principle. If information was
not available, we performed an available case analysis. We did not
perform imputation techniques.

We excluded continuous data assessing length of stay if a range
of dispersion (standard deviation or standard error) was not

provided along with mean values. When both measures of spread
(standard deviation and standard error) were presented, we used
the standard deviation as the measure of choice. We did not apply
imputation techniques.

We attempted contact with some study authors for additional
information; we reported this information in the Notes section of
the Characteristics of included studies.

Assessment of heterogeneity

We assessed whether evidence of inconsistency was apparent
in our results by considering heterogeneity. We assessed clinical
and methodological heterogeneity by comparing similarities
in our included studies between study designs, participants,
interventions, and outcomes, and used the data collected from
the full-text reports (as stated in Data collection and analysis).
We explored clinical and methodological heterogeneity through
subgroup analysis. We assessed statistical heterogeneity by
calculating the Chi2 test or I2 statistic (Higgins 2003), and judged
any heterogeneity above an 12 value of 40% and a Chi2 P value less
than or equal to 0.05 to indicate moderate to substantial statistical
heterogeneity (Deeks 2017). We did not conduct meta-regression
to explore heterogeneity in this updated review (see Differences
between protocol and review).

As well as to looking at statistical results, we considered point
estimates and overlap of Cls. If Cls overlap, then results are
more consistent. However, combined studies may show a large
consistent effect but with significant heterogeneity. We, therefore,
planned to interpret heterogeneity with caution (Guyatt 2011a).

Assessment of reporting biases

We attempted to source published protocols for each of our
included studies by using clinical trials registers. We planned
to compare published protocols with published study results, to
assess the risk of selective reporting bias. In addition, we appraised
reporting bias through visual assessment of funnel plots (Egger
1997). We planned to include figures of funnel plots in which we
identified possible reporting bias from visual assessment; in this
review, no reporting bias was found.

Data synthesis

We presented a statistical summary of treatment effects in the
absence of significant clinical or methodological heterogeneity. We
used the statistical calculator in Review Manager 5 (RevMan 5) to
perform meta-analysis (Review Manager 2014).

For dichotomous outcomes, we used the Mantel-Haenszel random-
effects model to account for potential variability in participant
conditions between studies (Borenstein 2010). For continuous
outcomes, we used inverse variance with a random-effects model.

We calculated Cls at 95% and used a P value less than or equal
to 0.05 to judge whether a result was statistically significant;
for statistically significant results, we also reported the number
needed to treat for an additional beneficial outcome (NNTB). We
considered imprecision in the results of analyses by assessing the
Cl around an effect measure; a wide Cl would suggest a higher level
of imprecision in our results. A small number of studies may also
reduce precision (Guyatt 2011b).
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Subgroup analysis and investigation of heterogeneity

In subgroup analysis, we evaluated the effect of the start of beta-
blocker therapy (i.e. before surgery, during surgery, or after surgery)
and the type of beta-blocking agent. In multi-arm studies of more
than one type of beta-blocking agent, we compared each type of
beta-blocker using the halving method for the control group data
(Deeks 2017); thus, we avoided a unit of analysis error.

We planned to complete subgroup analysis in which we found more
than 10 studies (Deeks 2017), for the following outcomes.

« Early all-cause mortality

« Acute myocardial infarction
« Cerebrovascular events

« Ventricular arrhythmias

o Atrial fibrillation

« Bradycardia

« Hypotension

Sensitivity analysis

We explored the potential effect of decisions made as part of the
review process. In each sensitivity analysis, we compared the effect
estimate with the main analysis. We reported these effect estimates
only if they indicated a difference in interpretation of the effect. We
performed the following sensitivity analysis.

« We excluded studies in which the control group was standard
care rather than placebo.

« We excluded studies that we judged at high or unclear risk of
selection bias.

« We excluded studies that we judged to have high risk of attrition
bias because of missing data with a loss of more than 10%
participants, data that were unbalanced between groups, or that
were unexplained.

As well as sensitivity analyses performed in an earlier version of
the review (Blessberger 2014), we also used sensitivity analysis
to explore the potential effect of studies in which the control
group were given beta-blockers as rescue therapy. The review
included several studies published before 2000, in which clinical
management may differ from current standards. Accordingly, we
made a post-hoc decision to explore the potential effect of these
early studies on the outcomes; in sensitivity analysis, we excluded
studies published before 2000.

We calculated RRs using a random-effects model for all analyses
in the review. Although the random-effects model accounted for
potential variation in the population, this statistical tool did not
account for outcomes with rare events. In sensitivity analysis, we

evaluated the effect of outcomes with events fewer than 1% using
Peto odds ratio (Deeks 2017).

We assessed the effect of these potential biases on the following
outcomes.

« Early all-cause mortality

« Acute myocardial infarction
« Cerebrovascular events

« Ventricular arrhythmias

o Atrialfibrillation and flutter
« Bradycardia

» Hypotension

'Summary of findings' table and GRADE

One review author (SL) used the GRADE system to assess the
certainty of the body of evidence and construct a 'Summary of
findings' table associated with the following outcomes (Guyatt
2008).

« Early all-cause mortality

« Acute myocardial infarction

» Cerebrovascular events

« Ventricular arrhythmias

« Atrial fibrillation and atrial flutter
« Bradycardia

« Hypotension

The GRADE approach appraises the certainty of a body of evidence,
based on the extent to which we can be confident that an estimate
of effect or association reflects the item being assessed. Evaluation
of the certainty of a body of evidence considers within-study risk
of bias, directness of the evidence, heterogeneity of the data,
precision of the effect estimates, and risk of publication bias. We
constructed a 'Summary of findings' table using GRADEpro GDT.

We used the GRADE approach to appraise the certainty of the body
of evidence for the remaining outcomes, but we did not construct a
'Summary of findings' table for these outcomes.

RESULTS

Description of studies
Results of the search

After the removal of duplicates from the search results, we screened
5972 titles and abstracts, which included forward- and backward-
citation searches, clinical trials registers and grey literature. We
sourced 37 full-text reports to assess eligibility. Figure 1
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Figure 1. Study flow diagram for updated search on 28 June 2019
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See Characteristics of included studies.

We included 63 studies with 7768 participants (Abel 1983; Ali
1997; Arar 2007; Auer 2004; Babin-Ebell 1996; Bert 2001; Bignami
2017; Booth 2004; But 2006; Connolly 2003; Cork 1995; Daudon
1986; De Azevedo Lucio 2003; Dy 1998; Evrard 2000; Forlani 2002;
Gandhi 2007; Girard 1986; Gomes 1999; Graham 1996; Hammon
1984; Harrison 1987; Ivey 1983; Jacquet 1994; Janssen 1986; Khuri
1987; Kurian 2001; Lamb 1988; Liu 2016; Martinussen 1988; Matangi
1985; Matangi 1989; Materne 1985; Matsuura 2001; Mohr 1981;
Myhre 1984; Neto 2013; Neustein 1994; Nicolson 1990; Nystrom
1993; Ogawa 2013; Oka 1980; Ormerod 1984; Osada 2012; Paull
1997; Pfisterer 1997; Reves 1990; Rubin 1987; Sakaguchi 2012;
Salazar 1979; Serruys 2000; Sezai 2011; Sezai 2012; Silverman 1982;
Skiba 2013; Stephenson 1980; Sun 2011; Suttorp 1991; Vecht 1986;

Wenke 1999; White 1984; Williams 1982; Yazicioglu 2002). Six studies
were quasi-randomized (Abel 1983; Matsuura 2001; Mohr 1981,
Silverman 1982; Stephenson 1980; Williams 1982); the remaining
studies were RCTs. We included two studies for which we could
only source the abstract and this limited the details of study
characteristics that we were able to extract (Dy 1998; Graham 1996).
We sourced the full text of all remaining studies.

This review includes ten new studies (Arar 2007; Bignami 2017,
Gandhi 2007; Girard 1986; Liu 2016; Neto 2013; Nicolson 1990;
Serruys 2000; Skiba 2013; Yazicioglu 2002). The remaining studies
were previously included in Blessberger 2018.

Study population

All participants were scheduled for cardiac surgery, which included
coronary artery bypass graft (CABG) and valve replacement.

Perioperative beta-blockers for preventing surgery-related mortality and morbidity in adults undergoing cardiac surgery (Review) 10
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We collected data from study reports on additional risk factors for
included participants; we used information reported in the baseline
characteristics tables and in the study inclusion and exclusion
criteria. We summarized these factors in a table (Appendix 9).

Nine studies included only participants who were already taking
beta-blocking agents preoperatively (Abel 1983; Ali 1997; Arar 2007;
Ivey 1983; Matangi 1985; Mohr 1981; Myhre 1984; Oka 1980; Salazar
1979), whilst three studies excluded participants who were taking
beta-blockers preoperatively (Harrison 1987; Neto 2013; Neustein
1994). Other studies reported in baseline characteristics tables
that at least some participants were taking beta-blockers pre-
operatively; only 10 studies did not report preoperative beta-
blocker use (Dy 1998; Gandhi 2007; Hammon 1984; Janssen 1986;
Kurian 2001; Ormerod 1984; Osada 2012; Paull 1997; Sun 2011;
Yazicioglu 2002).

Study setting

Allstudies were conducted in a hospital setting and four were multi-
centre studies (Gandhi 2007; Gomes 1999; Khuri 1987; Serruys
2000).

Interventions and comparisons

Four studies were multi-arm studies and included more than one
type of beta-blocker (Auer 2004; Janssen 1986; Sezai 2012) or
different doses of the same beta-blocker (Graham 1996). One study
had two control groups according to time of withdrawal of existing
propranolol treatment (Oka 1980). Types of beta-blockers assessed
were:

« propranolol versus a placebo (Hammon 1984; Ivey 1983;
Martinussen 1988), or standard care (Abel 1983; Babin-Ebell
1996; Bert 2001; Matangi 1985; Mohr 1981; Myhre 1984; Oka
1980; Ormerod 1984; Rubin 1987; Salazar 1979; Silverman 1982;
Stephenson 1980; Williams 1982);

« metoprolol versus a placebo (Auer 2004; Booth 2004; Connolly
2003; Dy 1998; Graham 1996; Paull 1997), or standard care
(De Azevedo Lucio 2003; Janssen 1986; Neto 2013; Skiba 2013;
Wenke 1999);

« sotalol versus a placebo (Auer 2004; Gomes 1999; Pfisterer 1997,
Suttorp 1991), or standard care (Evrard 2000; Forlani 2002;
Jacquet 1994; Janssen 1986; Matsuura 2001; Nystrom 1993);

« esmolol versus a placebo (Arar 2007; Bignami 2017; But 2006;
Cork 1995; Girard 1986; Harrison 1987; Liu 2016; Neustein 1994;
Nicolson 1990; Reves 1990; Sun 2011), or standard care (Kurian
2001);

« landiolol versus a placebo (Sezai 2011; Sezai 2012), or standard
care (Ogawa 2013; Osada 2012; Sakaguchi 2012);

« acebutolol versus standard care (Daudon 1986; Materne 1985);

« timolol versus a placebo (Vecht 1986; White 1984);

« carvedilol with a placebo (Serruys 2000), or standard care
(Gandhi 2007);

« nadolol with a placebo (Khuri 1987);

« atenolol with a placebo (Matangi 1989), or with standard care
(Lamb 1988).

In one study, the type of beta-blocking agent was at the discretion
of the treating clinician and included metoprolol, atenolol, sotalol,
or inderal; these were compared with standard care (Ali 1997).

In twelve studies, beta-blockers were titrated according to heart
rate or blood pressure (Auer 2004; Daudon 1986; De Azevedo Lucio
2003; Gandhi 2007; Gomes 1999; Jacquet 1994; Kurian 2001; Liu
2016; Ogawa 2013; Paull 1997; Sakaguchi 2012; Skiba 2013). In the
remaining studies, beta-blockers were given at a fixed dose.

Duration of administration varied across studies. In nine studies,
administration started before surgery (we defined this as any time
up to 15 minutes before the surgery; Ali 1997; Auer 2004; Gomes
1999; Lamb 1988; Myhre 1984; Neto 2013; Nystrom 1993; Serruys
2000; Yazicioglu 2002). In twenty studies, administration started
during surgery (Abel 1983; Arar2007; Bignami2017; Booth 2004; But
2006; Cork 1995; Dy 1998; Girard 1986; Harrison 1987; Kurian 2001,
Liu 2016; Neustein 1994; Nicolson 1990; Ogawa 2013; Pfisterer 1997;
Reves 1990; Sezai 2011; Sezai 2012; Skiba 2013; Sun 2011). In the
remaining studies, administration started after surgery.

Outcomes

All studies included at least one review outcome, as this formed
part of the inclusion criteria for this review. We reported numbers
of studies for each outcome in Effects of interventions.

Funding

We found that most studies did not report sources of support
or conflicts of interest. Eight studies reported support from
pharmaceutical companies (Cork 1995; Hammon 1984; Ivey 1983;
Khuri 1987; Matangi 1989; Reves 1990; Serruys 2000; Vecht 1986),
and nine studies reported departmental or other sources of
funding, which we assumed to be independent (Booth 2004;
Connolly 2003; Girard 1986; Gomes 1999; Harrison 1987; Rubin
1987; Sezai 2011; Sezai 2012; White 1984). One study declared
support from both pharmaceutical and independent sources (Auer
2004).

Excluded studies

We excluded 21 studies following assessment of full texts (Figure 1).

We reported the details of 12 of these excluded studies (De Bruijn
1987; Deng 2002; Efe 2014; Fujii 2012; Hamaguchi 2014; Imren 2007;
Newsome 1986; O'Dwyer 1993; Rees 2015; Sezai 2015; Tempe 1999;
Yazicioglu 2012). Seven of these 12 studies did not measure or
report outcomes relevant to the review (De Bruijn 1987; Deng 2002;
Efe 2014; Newsome 1986; O'Dwyer 1993; Tempe 1999; Yazicioglu
2012). We excluded one study in which all participants in the
intervention group were also given magnesium (Rees 2015), and
three studiesin which all participants, including those in the control
groups, were given beta-blockers (Fujii 2012; Imren 2007; Sezai
2015). In one study all participants in both groups were given
catecholamines but those in the control group were given a lower
dose and thus we considered the catecholamine to be control
group variable that could influence the result (Hamaguchi 2014).
See Characteristics of excluded studies.

This review does not include studies that were previously excluded;
details of previous exclusions can be found elsewhere (Blessberger
2014; Blessberger 2018).

Studies awaiting classification

We found four studies awaiting classification (Bozotlan 2013;
Ishigaki 2012; NCT00959569; PACTR201801003026226). Two were
published only as abstracts with insufficient information to
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assess eligibility or extract outcome data (Bozotlan 2013; Ishigaki ~ (UMIN000004216), and one compared esmolol to a placebo, with an
2012), and two were described as completed on a clinical expected recruitmentof 144 participants (Chictr-ior-16009203). See
trials register but results are not yet published (NCT00959569;  Characteristics of ongoing studies.

PACTR201801003026226). See Characteristics of studies awaiting

classification. Risk of bias in included studies

Ongoing studies See Characteristics of included studies, Figure 2 and Figure 3.

We found two ongoing studies; one compared landiolol versus
standard care with an expected recruitment of 60 participants

Figure 2. 'Risk of bias' graph: review authors' judgements about each 'Risk of bias' item presented as percentages
across all included studies
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Figure 3. 'Risk of bias' summary: review authors' judgements about each 'Risk of bias' item for each included study
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Figure 3. (Continued)
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Figure 3. (Continued)
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Overall, we judged 68% studies to be at high risk of bias in at least
one domain.

Allocation

For random sequence generation, we found that few studies
reported sufficient methods used to randomize participants, and
we judged only nine studies to be at low risk of selection bias (Auer
2004; Bert 2001; Bignami 2017; Forlani 2002; Hammon 1984; Liu
2016; Ogawa 2013; Sun 2011; Wenke 1999).

We judged six quasi-randomized studies to be at high risk of
selection bias (Abel 1983; Matsuura 2001; Mohr 1981; Silverman
1982; Stephenson 1980; Williams 1982). One study described
randomization as being open, and another study used a method
of coin-tossing but we were not confident that this method had
been used as described because the number of participants in
each group was equal; we judged both studies to be at high risk
of selection bias (Evrard 2000; Sakaguchi 2012). We judged the

remaining studies to have an unclear risk of selection bias for
random sequence generation.

For allocation concealment, we judged only seven to be at low risk
of bias (Auer 2004; Bignami 2017; Forlani 2002; Ivey 1983; Kurian
2001; Liu2016; Sun 2011). We judged the quasi-randomized studies
to be at high risk of bias for allocation concealment, and we judged
the remaining studies to have an unclear risk of bias because of
inadequate reporting of methods to conceal allocation.

Blinding

Many of the studies in this review compared a beta-blocker with
standard care, and because it was not feasible to blind personnel to
the intervention, we judged all studies with a standard care control
group to be at high risk of performance bias because of this open-
label study design. In addition, we judged Sezai 2012 to be at high
risk of performance bias because personnel were aware of the use
of bisoprolol in one of the study arms.

Perioperative beta-blockers for preventing surgery-related mortality and morbidity in adults undergoing cardiac surgery (Review) 16
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We found insufficient information to confirm blinding of personnel
in only seven studies (Booth 2004; But 2006; Graham 1996;
Liu 2016; Nicolson 1990; Sun 2011; Yazicioglu 2002); we judged
these to have an unclear risk of performance bias. We assumed
that studies described as double-blinded had used appropriate
methods to blind personnel to study treatments, and similarly if the
comparison was described as a placebo agent, we also assumed
that this was blinded, and we judged these remaining studies to be
at low risk of performance bias.

Only seven studies reported that outcome assessors were blinded
and we judged these studies to be at low risk of detection bias
(Auer 2004; Bert 2001; Bignami 2017; Harrison 1987; Khuri 1987;
Neustein 1994; Sezai 2012). Twenty-two studies did not report
whether outcome assessors were blinded and we judged detection
bias to be unclear (Booth 2004; But 2006; Connolly 2003; Cork
1995; Dy 1998; Girard 1986; Gomes 1999; Graham 1996; Hammon
1984;Ivey 1983; Liu 2016; Martinussen 1988; Matangi 1989; Nicolson
1990; Pfisterer 1997; Reves 1990; Sezai 2011; Sun 2011; Suttorp
1991; Vecht 1986; White 1984; Yazicioglu 2002). Because the
remaining open-label studies did not describe the blinding of
outcome assessors, we assumed that blinding had not occurred
and, therefore, judged these to be at high risk of detection bias.

Incomplete outcome data

Most studies did not report losses, and we assumed that
these studies had no losses; in these studies we used the
numbers of randomized participants to inform the assumed
number of analysed participants. In addition, most studies
did not report whether investigators used intention-to-treat
analysis. When studies reported losses but did not state whether
investigators had used intention-to-treat analysis, we assumed the
use of per-protocol analysis. We reported this information in the
Characteristics of included studies.

We judged 10 studies to be at high risk of attrition bias
(Abel 1983; Babin-Ebell 1996; Jacquet 1994; Janssen 1986;
Khuri 1987; Martinussen 1988; Rubin 1987; Serruys 2000; Skiba
2013; Stephenson 1980); these studies lost more than 10% of
participants, loss of participants was imbalanced between groups,
or exclusions were unclearly reported.

We judged the remaining studies to be at low risk of attrition bias
because study authors reported no losses or losses were fewer than
10% and we did not expect the loss to influence outcome data. In
the event that study authors did not report whether all participants
were included in the outcomes, we assumed that there were no
losses.

Selective reporting

No studies were prospectively registered with clinical trials registers
and this limited our ability to effectively assess the risk of reporting
bias. Two studies provided clinical trial registration numbers but
the time point of registration was unclear (Sezai 2011; Sezai 2012).
We assessed one of these studies to be at high risk of reporting bias
because we noted that additional outcomes were reported that
were not included in the clinical trials register documents (Sezai
2011). We assessed Sezai 2012 to be at unclear risk of reporting
bias, because we could not be certain whether registration was
retrospective.

We judged risk of selective reporting to be high in three studies;
two studies reported statistically significant results only (Graham
1996; Janssen 1986), and in another study, we noted that study
group allocation of participants with certain adverse events (acute
myocardialinfarction, stroke) remained unclear and we considered
this to be evidence of selective under-reporting (De Azevedo Licio
2003).

We judged the remaining studies to be at unclear risk of reporting
bias.

Other potential sources of bias

Eleven studies reported the use of beta-blockers as rescue therapy
in the control group (Abel 1983; Bert 2001; Connolly 2003; Daudon
1986; Evrard 2000; Hammon 1984; Janssen 1986; Pfisterer 1997;
Salazar 1979; Sezai 2011; Silverman 1982). We believed that this
introduced considerable bias to the data and we judged all these
studies to be at high risk of bias. In addition, we judged Gomes 1999
to be at high risk of bias because more participants in the control
group were taking beta-blockers before entry into the study.

Three studies were reported only as abstracts and these short
reports were insufficient to judge risks of other bias, and as such,
we judged these to be unclear (Dy 1998; Graham 1996; Osada 2012).
Similarly, three studies had limited information in the report and it
was also not feasible to assess risks of other bias in these studies
(Paull 1997; Sun 2011; Suttorp 1991). In Jacquet 1994, we noted
a difference in the number of participants taking beta-blockers
preoperatively and we were uncertain of this effect on the data. We
did not identify any other sources of bias in the remaining study
reports.

Effects of interventions

See: Summary of findings for the main comparison Perioperative
beta-blockers for preventing surgery-related mortality and
morbidity in adults undergoing cardiac surgery

Early all-cause mortality

Twenty-nine studies reported mortality data (Abel 1983; Ali 1997,
Auer 2004; Bert 2001; Connolly 2003; Cork 1995; De Azevedo Lucio
2003; Evrard 2000; Forlani 2002; Gomes 1999; Hammon 1984;
Ivey 1983; Janssen 1986; Liu 2016; Martinussen 1988; Matangi
1989; Matsuura 2001; Mohr 1981; Myhre 1984; Neto 2013; Nystrom
1993; Oka 1980; Paull 1997; Sezai 2011; Sezai 2012; Skiba 2013;
Suttorp 1991; White 1984; Yazicioglu 2002). We noted that 12 of
these studies had no deaths in either group (Bert 2001; Connolly
2003; Forlani 2002; Hammon 1984; lvey 1983; Janssen 1986; Liu
2016; Martinussen 1988; Matsuura 2001; Nystrom 1993; Paull 1997;
Suttorp 1991).

We found that studies reported few events, and beta-blockers
probably make little or no difference to all-cause mortality at 30
days (RR 0.95, 95% CI 0.47 to 1.90; 12 = 0%; 4099 participants; low-
certainty evidence; Analysis 1.1). We used GRADE to downgrade
the certainty of the evidence by two levels: one level for study
limitations owing to the inclusion of several studies at high risk
of bias in at least one domain; and one level for imprecision
owing to the wide Cl and because the evidence was from
too few participants. Our estimate for the required number of
participants was taken from a calculation in a previous version of
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the review (Blessberger 2018). See Summary of findings for the
main comparison and Figure 4.

Figure 4. Forest plot of comparison 1. Beta-blocker vs control for cardiac surgery, outcome: 1.1 All-cause mortality

(30 days)
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Footnotes
(1) during 1CU stay
(2) in hospital

Long-term mortality

Three studies reported mortality at one year (Bignami 2017), at
six months (Gandhi 2007), and at seven months (Serruys 2000).
We found little or no difference in effect between groups (RR 0.90,
95% Cl 0.29 to 2.79; 12 = 0%; 511 participants; very low-certainty
evidence; Analysis 1.2). We used GRADE to downgrade the certainty
of the evidence by three levels: one level for study limitations
because one of the three studies was at high risk of bias in two
domains; and two levels for imprecision owing to the wide Cl
and because the evidence was from only three studies with few
participants.

Death due to cardiac causes

Four studies reported death due to cardiac causes (Gomes 1999;
Oka 1980; Sezai 2011; White 1984), with little or no difference
in effect between groups (RR 0.84, 95% Cl 0.14 to 5.19; I2 =
0%; 320 participants; very low-certainty evidence; Analysis 1.3).
Gomes 1999 reported no events in either group. We used GRADE to

Favours beta-blocker Favours control

downgrade the certainty of the evidence by three levels: one level
for study limitations because most of the studies were at high risk
of bias in at least one domain, and two levels of imprecision owing
to the wide Cl and because the evidence was from few studies with
few participants.

Acute myocardial infarction

Twenty-five studies reported participants who had a myocardial
infarction during the perioperative period or within 30 days of
surgery (Abel 1983; Ali 1997; Babin-Ebell 1996; Bert 2001; Connolly
2003; Daudon 1986; Evrard 2000; Forlani 2002; Hammon 1984;
Jacquet 1994; Khuri 1987; Martinussen 1988; Matangi 1985; Matangi
1989; Mohr 1981; Myhre 1984; Neustein 1994; Nicolson 1990; Oka
1980; Serruys 2000; Sezai 2012; Silverman 1982; Stephenson 1980;
Suttorp 1991; Wenke 1999). We noted no events in three of these
studies (Evrard 2000; Forlani 2002; Neustein 1994).

We found little or no difference in the number of people having a
myocardial infarction when beta-blockers were used (RR 1.05, 95%
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Cl 0.72 to 1.52; 12 = 0%: 3946 participants; low-certainty evidence;
Analysis 1.4). We used GRADE to downgrade the certainty of the
evidence by two levels: one level for study limitations owing to
the inclusion of several studies at high risk of bias in at least one
domain; and one level forimprecision owing to the wide confidence
interval in the effect estimate and because the evidence was from
too few participants. Our estimate for the required number of
participants was taken from a calculation in a previous version of
the review (Blessberger 2018). See Summary of findings for the
main comparison.

Cerebrovascular events

Seven studies reported the number of participants who had a
cerebrovascular event (Ali 1997; Auer 2004; Connolly 2003; Matangi
1989; Neto 2013; Rubin 1987; Sezai 2011). We did not include
data for Rubin 1987 in the analysis because study authors did
not report to which group two participants with cerebrovascular
events belonged. We did not include data for Ali 1997, in which one
participant in the control group had a stroke, because this event
was reported as fatal by study authors.

Beta-blockers may make little or no difference to cerebrovascular
events, however, few studies reported events; seven out of 704
participants experienced an event in the control group compared
to 10 out of 767 participants who experienced an event when beta-
blockers were used (RR 1.37,95% Cl 0.51 to 3.67; 12 = 0%; 5 studies,
1471 participants; very low-certainty evidence; Analysis 1.5). We
used GRADE to downgrade the certainty of the evidence by three
levels: one level for study limitations owing to the inclusion of
several studies at high risk of bias; and two levels for imprecision
owing to the very wide Cl and because the evidence was from
too few participants. Our estimate for the required number of
participants was taken from a calculation in a previous version of
the review (Blessberger 2018). See Summary of findings for the
main comparison.

Ventricular arrhythmias

Thirteen studies reported ventricular arrhythmias (Abel 1983;
Auer 2004; Connolly 2003; Gomes 1999; Hammon 1984; Harrison
1987; Matangi 1985; Matangi 1989; Nystrom 1993; Pfisterer 1997,
Stephenson 1980; Sun 2011; Williams 1982). We did not include one

study in meta-analysis because we could not be certain whether
events were recorded in the control group (Gomes 1999).

In meta-analysis of the remaining studies, we found that beta-
blockers probably reduce episodes of ventricular arrhythmias (RR
0.40, 95% Cl 0.25 to 0.63; 12 = 0%; 12 studies, 2296 participants;
low-certainty evidence; Analysis 1.6). In absolute terms, we found
32 fewer episodes per 1000 when beta-blockers were used, based
on a control risk of 54 per 1000; the number needed to treat for
a beneficial outcomes (NNTB) was 31 (95% Cl 25 to 50). We used
GRADE to downgrade the certainty of the evidence by two levels:
one level for study limitations owing to the inclusion of several
studies at high risk of bias, and one level for imprecision because
the evidence was from too few participants. Our estimate for the
required number of participants was taken from a calculation in a
previous version of the review (Blessberger 2018). See Summary of
findings for the main comparison.

Atrial fibrillation or flutter, or both

Forty studies reported atrial fibrillation or atrial flutter (Abel
1983; Ali 1997; Auer 2004; Connolly 2003; Cork 1995; Daudon
1986; De Azevedo Lucio 2003; Dy 1998; Evrard 2000; Forlani 2002;
Gomes 1999; Graham 1996; Janssen 1986; Lamb 1988; Liu 2016;
Martinussen 1988; Matangi 1985; Materne 1985; Matsuura 2001;
Neto 2013; Nystrom 1993; Ogawa 2013; Ormerod 1984; Osada
2012; Paull 1997; Pfisterer 1997; Rubin 1987; Sakaguchi 2012;
Salazar 1979; Sezai 2011; Sezai 2012; Silverman 1982; Skiba 2013;
Stephenson 1980; Sun 2011; Suttorp 1991; Vecht 1986; White 1984;
Williams 1982; Yazicioglu 2002).

We found that beta-blockers reduce the number of participants
who experience atrial fibrillation or atrial flutter (RR 0.50, 95% ClI
0.42 to 0.59; 12 = 51%; 5650 participants; low-certainty evidence;
Analysis 1.7). In absolute terms, we found 163 fewer incidences
per 1000 when beta-blockers were used, based on a control risk of
327 per 1000; the NNTB was 6 (95% ClI 5 to 7). We used GRADE to
downgrade the certainty of the evidence by two levels: one level for
study limitations owing to the inclusion of several studies at high
risk of bias, and one level for inconsistency owing to a moderate
level of statistical heterogeneity which we were unable to explain
through subgroup analysis. See Summary of findings for the main
comparison and Figure 5.
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Figure 5. Forest plot of comparison 1. Beta-blocker vs control for cardiac surgery, outcome: 1.7 Atrial fibrillation or

flutter, or both
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Bradycardia

Twenty-three studies reported bradycardia (Abel 1983; Arar
2007; Auer 2004; Babin-Ebell 1996; But 2006; Cork 1995; Girard
1986; Gomes 1999; Hammon 1984; Jacquet 1994; Matangi 1989;
Matsuura 2001; Neto 2013; Neustein 1994; Nystrom 1993; Ogawa
2013; Pfisterer 1997; Reves 1990; Serruys 2000; Sezai 2012;
Silverman 1982; Stephenson 1980; Suttorp 1991). However, data for
bradycardia were not clearly reported in 11 studies and we were
uncertain whether some of these study authors had collected data
for bradycardia in the control group (Abel 1983; Arar 2007; Girard
1986; Jacquet 1994; Matsuura 2001; Neto 2013; Neustein 1994;
Nystrom 1993; Reves 1990; Silverman 1982; Stephenson 1980).
Therefore, we did not include these studies in meta-analysis; for
these studies, we have reported data for bradycardia, as presented
by study authors, in Characteristics of included studies.

In analysis of the remaining studies, we found no evidence of a
difference in bradycardia when beta-blockers were used (RR 1.63,
95% Cl 0.92 to 2.91; 12 = 16%; 12 studies; 1640 participants; low-
certainty evidence; Analysis 1.8). We used the GRADE approach to
downgrade the certainty of the evidence by two levels: one for study
limitations owing to the inclusion of several studies at high risk of
bias in at least one domain, and one level for imprecision owing
to the very wide confidence interval and because the evidence was
from too few participants. Our estimate for the required number
of participants was taken from a calculation in a previous version
of the review (Blessberger 2018). See Summary of findings for the
main comparison.

Hypotension

Nineteen studies reported hypotension (Abel 1983; Arar 2007; Auer
2004; But 2006; Gomes 1999; Jacquet 1994; Khuri 1987; Kurian
2001; Matangi 1989; Matsuura 2001; Neustein 1994; Nystrom 1993;
Pfisterer 1997; Reves 1990; Rubin 1987; Salazar 1979; Serruys 2000;
Sezai 2012; Suttorp 1991). However, nine studies did not clearly
report data for hypotension and we were uncertain whether study
authors had collected data for hypotension in the control group
(Abel 1983; Arar 2007; Jacquet 1994; Kurian 2001; Matsuura 2001;
Neustein 1994; Nystrom 1993; Reves 1990; Rubin 1987). Therefore,
we did not include these studies in meta-analysis; for these studies,
we have reported data for hypotension, as presented by study
authors, in Characteristics of included studies.

In analysis of the remaining studies, we found no evidence of a
difference in hypotension when beta-blockers were used (RR 1.84,
95% Cl 0.89 to 3.80; 12 = 0%; 10 studies, 1538 participants; low-
certainty evidence; Analysis 1.9). We used GRADE to downgrade
the certainty of the evidence by two levels: one level for study
limitations owing to the inclusion of several studies at high risk
of bias in at least one domain, and one level owing to the very
wide confidence interval and because the evidence was from
too few participants. Our estimate for the required number of
participants was taken from a calculation in a previous version of
the review (Blessberger 2018). See Summary of findings for the
main comparison.

Congestive heart failure

Three studies reported congestive heart failure (Matangi 1989; Sezai
2011; Sezai 2012). We found little or no difference between groups
in the number of participants who had heart failure (RR 0.22,95% ClI
0.04 to 1.36; 12 = 0%; 331 participants; very low-certainty evidence;

Analysis 1.10). We used GRADE to downgrade the certainty of the
evidence by three levels; one level for study limitations because two
of the three studies were at high risk of bias in at least one domain,
and two levels for imprecision because the evidence was from few
studies with few participants.

Length of hospital stay

Eighteen studies reported length of hospital stay (Auer 2004;
Bert 2001; Bignami 2017; Booth 2004; But 2006; Connolly 2003;
Cork 1995; Evrard 2000; Forlani 2002; Gomes 1999; Jacquet 1994;
Matsuura 2001; Pfisterer 1997; Rubin 1987; Sezai 2011; Sezai 2012;
Skiba 2013; Wenke 1999). We did not include data from four studies
in meta-analysis because the data were not reported in equivalent
values (mean and standard deviation; Bignami 2017; Evrard 2000;
Rubin 1987; Skiba 2013).

In meta-analysis of remaining studies, we found that length of
stay was shorter when participants were treated with beta-blockers
(MD -0.54 days, 95% CI -0.90 to -0.19; 12 = 58%; 14 studies,
2450 participants; low-certainty evidence; Analysis 1.11). We used
GRADE to downgrade the certainty of the evidence by two levels:
one level for study limitations owing to the inclusion of several
studies at high risk of bias in at least one domain, and one level for
inconsistency owingto a moderate level of statistical heterogeneity.
We did not explore possible causes of this heterogeneity through
formal subgroup analysis.

Quality of life

No studies reported outcome data for quality of life.

Subgroup analysis

We did not complete subgroup analysis for cerebrovascular events,
because we found fewer than 10 studies for this outcome.

Type of beta-blocker

We did not include Ali 1997 in subgroup analysis by type of beta-
blocker because participants in the intervention group were given
a variety of types of beta-blockers and study authors did not report
data according to type of beta-blocker. For subgroup analysis of
Auer 2004 and Janssen 1986, in which both studies had two beta-
blocker groups, we halved the control group data.

« Early all-cause mortality: we found no evidence of difference
between subgroups (P = 0.74, 12 = 0%; Analysis 2.1). Each type
of agent showed little or no difference in all-cause mortality,
which was consistent with our primary analysis: metoprolol (RR
1.72, 95% Cl 0.44 to 6.69; 12 = 0%,; 7 studies, 1627 participants);
propranolol (RR 0.67, 95% CI 0.19 to 2.37; 12 = 0%; 9 studies,
809 participants); sotalol (RR 0.65, 95% Cl 0.08 to 5.25; 12 = 0%;
8 studies, 1037 participants); esmolol (RR 2.65, 95% CI 0.12 to
60.21; 2 studies, 54 participants); timolol (RR 2.86,95% C1 0.12 to
66.44; 1 study, 41 participants); landiolol (RR 0.33,95% Cl 0.04 to
2.53; 12 = 0%); 2 studies, 241 participants); and atenolol (RR 3.00,
95% Cl1 0.13 to 71.51; 1 study, 80 participants).

« Acute myocardial infarction: we found no evidence of a
difference between subgroups (P = 0.57, 12 = 0%,; Analysis 2.2).
Each type of agent showed little or no difference in myocardial
infarction, which was consistent with our primary analysis:
metoprolol (RR 2.00, 95% CI 0.91 to 4.40; 12 = 0%; 2 studies, 1200
participants); propranolol (RR 0.76, 95% Cl 0.43 to 1.32; 12 = 0%;
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11 studies, 1088 participants); sotalol (RR 0.59, 95% CI 0.07 to
4.70; 12 = 0%); 4 studies, 643 participants); esmolol (RR 0.28, 95%
C10.01 to 6.33; 2 studies, 69 participants); nadolol (RR 0.37, 95%
C10.02 to 8.87; 1 study, 141 participants); landiolol (RR 2.57,95%
C10.13 to 52.15; 1 study, 101 participants); acebutolol (RR 1.00,

95% CI 0.06 to 15.55; 1 study, 100 participants); and atenolol (RR
1.33,95% Cl 0.32 to 5.53; 1 study, 70 participants).

Ventricular arrhythmias: we found no evidence of a difference
between subgroups (P = 0.20, 12 = 36.0%; Analysis 2.3). Studies
of metoprolol showed little or no difference between groups
in ventricular arrhythmias (RR 0.26, 95% Cl 0.06 to 1.06; |12 =
0%; 2 studies, 1094 participants), and, similarly, we found little
or no difference between groups for sotalol (RR 2.38, 95% ClI
0.40 to 14.27; 12 = 0%; 3 studies, 452 participants). Analysis of
the remaining studies according to type of beta-blocker showed
findings consistent with the primary analysis: propranolol (RR
0.41, 95% Cl 0.21 to 0.79; 12 = 0%; 5 studies, 592 participants);
and esmolol (RR 0.26, 95% CI 0.08 to 0.84; |2 = 32%; 2 studies,
88 participants). Only one study reported data for atenolol, in
which study authors reported no events (Matangi 1989).

Atrial fibrillation or flutter, or both: we found differences in
incidences of atrial fibrillation according to the type of beta-
blocker that participants were given (P < 0.0001, 12 = 76.6%);
Analysis 2.4). However, types of agents that demonstrated an
effect that differed from the primary analysis had few studies:
esmolol (RR 1.02, 95% CI 0.65 to 1.61; I2 = 0%; 3 studies, 111
participants); timolol (RR 0.55, 95% CI 0.25 to 1.25; 12 = 0%; 2
studies, 173 participants); and atenolol (RR 0.30, 95% ClI 0.05
to 1.90; 12 = 66%; 2 studies, 139 participants). Analysis of the
remaining studies was consistent with the primary analysis:
metoprolol (RR 0.72, 95% CI 0.62 to 0.84; 12 = 5%; 9 studies,
2080 participants); propranolol (RR 0.52, 95% CI 0.33 to 0.81; I2
=43%); 9 studies, 896 participants); sotalol (RR 0.45, 95% CI 0.36
t0 0.56; 12 = 15%; 9 studies, 1292 participants); landiolol (RR 0.37,
95% Cl 0.26 to 0.52; 12 = 0%; 5 studies, 578 participants); and
acebutolol (RR 0.09, 95% CI 0.01 to 0.66; 12 = 46%); 2 studies, 171
participants).

Bradycardia: we found no evidence of a difference between
subgroups (P = 0.30, 12 = 16.6%; Analysis 2.5). Each type of
agent showed little or no differenceinincidences of bradycardia,
which was consistent with our primary analysis: metoprolol (RR
5.16,95% Cl 0.69 to 38.55; 1 study, 94 participants); propranolol
(RR1.16,95% Cl 0.53 to 2.54; 12=0%; 2 studies, 120 participants);
sotalol (RR 2.16, 95% Cl 0.70 to 6.65; 12 = 0%; 4 studies, 736
participants); esmolol (RR 3.00, 95% Cl 0.13 to 68.26; 2 studies,
59 participants); landiolol (RR 1.11,95% Cl 0.48 to 2.56; 2 studies,
237 participants); atenolol (RR 0.33,95% CI 0.01 to 7.91; 1 study,
70 participants); carvedilol (RR 21.11, 95% CI 1.25 to 355.18; 1
study, 324 participants).

Hypotension: we found no evidence of a difference between
subgroups (P = 0.36, 12 = 8.7%; Analysis 2.6). Only carvedilol
showed an increase in hypotension when beta-blockers were
given, but this evidence was from a single study (RR 5.50, 95%
Cl1.25t0 24.20; 324 participants). The remaining agents showed
little or no difference in incidences of hypotension, which was
consistent with our primary analysis: metoprolol (RR 0.17, 95%
Cl1 0.01 to 4.17; 1 study, 94 participants); propranolol (RR 1.64,
95% Cl 0.33 to 8.14; 12 = 0%); 2 studies, 112 participants); sotalol
(RR0.86,95% Cl 0.20 to 3.74;12=0%; 4 studies, 736 participants);
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esmolol (RR 3.00, 95% CI 0.35 to 25.68; 1 study, 30 participants);
nadolol (RR 1.66, 95% CI 0.29 to 9.61; 1 study, 141 participants).
Only one study reported data for landiolol, in which study
authors reported no events (Sezai 2012).

Start of beta-blocker therapy

Early all-cause mortality (30 days): we found no evidence of a
difference between subgroups according to the time at which
beta-blockers were first given (P = 0.53, 12 = 0%; Analysis 3.1).
Evidence at each time point was consistent with the primary
analysis: before surgery (RR 1.08, 95% CI 0.31 to 3.79; 12 = 0%; 7
studies, 778 participants); during surgery (RR 0.49, 95% Cl 0.13
t0 1.90; 12=0%; 4 studies, 371 participants); and after surgery (RR
1.30,95% Cl 0.44 to 3.77; 12 = 0%,; 18 studies, 2950 participants).
Acute myocardial infarction: we found no evidence of a
difference between subgroups according to the time at which
beta-blockers were first given (P = 0.81, 12 = 0%; Analysis 3.2).
Evidence at each time point was consistent with the primary
analysis: before surgery (RR 1.57, 95% Cl 0.45 to 5.45; 12 = 0%; 2
studies, 246 participants); during surgery (RR 0.95,95% C10.22 to
3.98; 12 = 0%; 4 studies, 270 participants); after surgery (RR 1.02,
95% C1 0.66 to 1.58; 12 = 0%; 18 studies, 3106 participants).

Ventricular arrhythmias: we found no evidence of a difference
between subgroups according to the time at which beta-
blockers were first given (P = 0.72, 12 = 0%; Analysis 3.3). We
found no evidence of a difference in ventricular arrhythmias
when beta-blockers were given before surgery (RR 0.78, 95% Cl
0.13 to 4.55; 291 participants); however, this subgroup included
only two studies of which one reported no events. We found
only slightly fewer incidences of ventricular arrhythmias when
beta-blockers were given during surgery in four studies (RR 0.42,
95% CI 0.15 to 1.21; 12 = 37%; 434 participants). Analysis of
studies in which beta-blockers were given after surgery included
a larger number of studies and was consistent with the primary
analysis (RR 0.36, 95% CI 0.19 to 0.69; 12 = 0%; 6 studies, 1571
participants).

Atrial fibrillation or flutter, or both: we found no evidence of a
difference between subgroups according to the time at which
beta-blockers were first given (P = 0.63, 12 = 0%; Analysis 3.4).
Evidence at each time point was consistent with the primary
analysis: before surgery (RR 0.49, 95% CI 0.35 to 0.67; 12 = 25%;
7 studies, 796 participants); during surgery (RR 0.56, 95% ClI
0.43 to 0.74; 12 = 37%; 10 studies, 1067 participants); and after
surgery (RR 0.47, 95% Cl 0.37 to 0.60; |12 = 61%); 23 studies, 3787
participants).

Bradycardia: the test for subgroup differences indicated a
difference between groups (P = 0.04, 12 = 68.0%; Analysis 3.5).
We found more incidences of bradycardia when beta-blockers
were started before surgery, but this evidence was from few
studies with a very wide CI (RR 5.82, 95% Cl 1.78 to 19.02; I2
= 0%; 3 studies, 599 participants). The remaining studies were
consistent with the primary analysis and showed little or no
difference in bradycardia when beta-blockers were given during
surgery (RR 1.32, 95% CI 0.64 to 2.72; 12 = 0%,; 5 studies, 551
participants), or after surgery (RR 1.01, 95% Cl 0.48 to 2.12; 12 =
0%; 4 studies, 490 participants).

Hypotension: we found no evidence of a difference between
subgroups according to the time at which beta-blockers were
first given (P = 0.92, 12 = 0%; Analysis 3.6). Evidence at each
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time point was consistent with the primary analysis: before
surgery (RR 1.85, 95% Cl 0.25 to 13.45; 12 = 57%; 3 studies, 599
participants); during surgery (RR 2.00, 95% CI 0.37 to 10.90; 12 =
0%; 3 studies, 386 participants); after surgery (RR 1.36, 95% ClI
0.45 to 4.12; 12 = 0%j; 4 studies, 553 participants).

Sensitivity analysis

Standard care control

Early all-cause mortality (30 days): we excluded 15 studies from
analysis in which the control group comparison was standard
care (Abel 1983; Ali 1997; Bert 2001; De Azevedo Lucio 2003;
Evrard 2000; Forlani2002; Janssen 1986; Matangi 1985; Matsuura
2001; Mohr 1981; Myhre 1984; Neto 2013; Nystrom 1993; Oka
1980; Skiba 2013). This did not alter the interpretation of the
effect for this outcome.

Acute myocardial infarction: we excluded 14 studies from
analysis in which the control group comparison was standard
care (Abel 1983; Ali 1997; Babin-Ebell 1996; Bert 2001; Daudon
1986; Evrard 2000; Forlani 2002; Jacquet 1994; Matangi 1985;
Mohr 1981; Myhre 1984; Oka 1980; Silverman 1982; Wenke
1999). This did not alter the interpretation of the effect for this
outcome.

Cerebrovascular events: we excluded one study from analysis in
which the control group comparison was standard care (Neto
2013). This did not alter the interpretation of the effect for this
outcome.

Ventricular arrhythmias: we excluded five studies from analysis
in which the control group comparison was standard care (Abel
1983; Matangi 1985; Nystrom 1993; Stephenson 1980; Williams
1982). This did not alter the interpretation of the effect for this
outcome.

Atrial fibrillation or flutter, or both: we excluded 23 studies from
analysis in which the control group comparison was standard
care (Abel 1983; Ali 1997; Daudon 1986; De Azevedo Lucio 2003;
Evrard 2000; Forlani 2002; Janssen 1986; Lamb 1988; Matangi
1985; Materne 1985; Matsuura 2001; Neto 2013; Nystrom 1993;
Ogawa 2013; Ormerod 1984; Osada 2012; Rubin 1987; Sakaguchi
2012; Salazar 1979; Silverman 1982; Skiba 2013; Stephenson
1980; Williams 1982). This did not alter the interpretation of the
effect for this outcome.

Bradycardia: we excluded two studies from analysis in which the
control group comparison was standard care (Babin-Ebell 1996;
Ogawa 2013). This did not alter the interpretation of the effect
for this outcome.

Hypotension: we excluded one study from analysis in which the
control group comparison was standard care (Salazar 1979). This
did not alter the interpretation of the effect for this outcome.

Risk of selection bias

Overall, we judged only nine studies to have a low risk of selection
bias for sequence generation (Auer 2004; Bert 2001; Bignami 2017;
Forlani 2002; Hammon 1984; Liu 2016; Ogawa 2013; Sun 2011;
Wenke 1999). This limited sensitivity analysis because there were
few remaining studies in analyses once we excluded studies with a
high or unclear risk of selection bias.

Early all-cause mortality (30 days): once we excluded studies
with a high or unclear risk of selection bias, only five studies
remained in analysis (Auer 2004; Bert 2001; Forlani 2002;

Hammon 1984; Liu 2016), of which only one study had event
data (Auer 2004). Meaningful sensitivity analysis could not be
conducted for this outcome.

Acute myocardial infarction: once we excluded studies with
a high or unclear risk of selection bias, only four studies
remained in analysis (Bert 2001; Forlani 2002; Hammon 1984;
Wenke 1999). Analysis with only these studies did not alter the
interpretation of the effect for this outcome.

Cerebrovascular events: once we excluded studies with a high or
unclear risk of selection bias, only one study remained, and this
prevented meaningful sensitivity analysis.

Ventricular arrhythmias: once we excluded studies with a high
or unclear risk of selection bias, only three studies remained in
analysis (Auer 2004; Hammon 1984; Sun 2011). Whilst analysis
without the studies at high or unclear risk of bias showed that
fewer participants had incidences of ventricular arrhythmias,
the effect was less certain (RR 0.41, 95% CI 0.16 to 1.05).

Atrial fibrillation or flutter, or both: once we excluded studies
with a high or unclear risk of selection bias, only five studies
remained in analysis (Auer 2004; Forlani 2002; Liu 2016; Ogawa
2013; Sun 2011). Analysis with only these studies did not alter
the interpretation of the effect for this outcome.

Bradycardia: once we excluded studies with a high or unclear
risk of selection bias, only three studies remained in analysis
(Auer 2004; Hammon 1984; Ogawa 2013). Analysis with only
these studies did not alter the interpretation of the effect for this
outcome.

Hypotension: once we excluded studies with a high or unclear
risk of selection bias, only one study remained (Auer 2004), and
this prevented meaningful sensitivity analysis.

Risk of attrition bias

Early all-cause mortality (30 days): we excluded four studies
with a high risk of attrition bias (Abel 1983; Janssen
1986; Martinussen 1988; Skiba 2013). This did not alter the
interpretation of the effect for this outcome.

Acute myocardial infarction: we excluded five studies with a
high risk of attrition bias (Abel 1983; Babin-Ebell 1996; Jacquet
1994; Khuri 1987; Martinussen 1988). This did not alter the
interpretation of the effect for this outcome.

Cerebrovascular events: we found no studies with a high risk of
attrition bias for this outcome.

Ventricular arrhythmias: we excluded one study with a high risk
of attrition bias (Abel 1983). This did not alter the interpretation
of the effect for this outcome.

Atrial fibrillation or flutter, or both: we excluded five studies
with a high risk of attrition bias (Abel 1983; Janssen 1986;
Martinussen 1988; Rubin 1987; Skiba 2013). This did not alter the
interpretation of the effect for this outcome.

Bradycardia: we excluded one study with a high risk of attrition
bias (Babin-Ebell 1996). This did not alter the interpretation of
the effect for this outcome.

Hypotension: we excluded one study with a high risk of attrition
bias (Khuri 1987). This did not alter the interpretation of the
effect for this outcome.

Beta-blockers given as rescue therapy

Early all-cause mortality (30 days): we excluded seven studies in
which participantsin the control group were given beta-blockers
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as rescue therapy (Abel 1983; Bert 2001; Connolly 2003; Evrard
2000; Hammon 1984; Janssen 1986; Sezai 2011). This did not
alter the interpretation of the effect for this outcome.

« Acute myocardial infarction: we excluded seven studies in which
participants in the control group were given beta-blockers as
rescue therapy (Abel 1983; Bert 2001; Connolly 2003; Daudon
1986; Evrard 2000; Hammon 1984; Silverman 1982). This did not
alter the interpretation of the effect for this outcome.

o Cerebrovascular events: we excluded two studies in which
participants in the control group were given beta-blockers as
rescue therapy (Connolly 2003; Sezai 2011). This did not alter the
interpretation of the effect for this outcome.

« Ventricular arrhythmias: we excluded four studies in which
participants in the control group were given beta-blockers
as rescue therapy (Abel 1983; Connolly 2003; Hammon 1984;
Pfisterer 1997). This did not alter the interpretation of the effect
for this outcome.

« Atrial fibrillation or flutter, or both: we excluded nine studies
in which participants in the control group were given beta-
blockers as rescue therapy (Abel 1983; Connolly 2003; Daudon
1986; Evrard 2000; Janssen 1986; Pfisterer 1997; Salazar 1979;
Sezai2011; Silverman 1982). This did not alter the interpretation
of the effect for this outcome.

« Bradycardia: we excluded two studies in which participants
in the control group were given beta-blockers as rescue
therapy (Hammon 1984; Pfisterer 1997). This did not alter the
interpretation of the effect for this outcome.

« Hypotension: we excluded one study in which participants in
the control group were given beta-blockers as rescue therapy
(Pfisterer 1997). This did not alter the interpretation of the effect
for this outcome.

Studies published before 2000

« Early all-cause mortality (30 days): we included in analysis
only studies published since 2000 (Auer 2004; Bert 2001;
Connolly 2003; De Azevedo Lucio 2003; Evrard 2000; Forlani
2002; Matsuura 2001; Neto 2013; Sezai 2011; Sezai 2012; Skiba
2013; Yazicioglu 2002). This did not alter the interpretation of the
effect for this outcome.

« Acute myocardialinfarction: we included in analysis only studies
published since 2000 (Bert 2001; Connolly 2003; Evrard 2000;
Forlani 2002; Serruys 2000; Sezai 2012). This did not alter the
interpretation of the effect for this outcome.

« Cerebrovascular events: only one study was published before
2000, and we excluded this study (Matangi 1989). This did not
alter the interpretation of the effect for this outcome.

« Ventricular arrhythmias: we included in analysis only studies
published since 2000 (Auer 2004; Connolly 2003; Sun 2011). This
did not alter the interpretation of the effect for this outcome.

« Atrial fibrillation or flutter, or both: we included in analysis
only studies published since 2000 (Auer 2004; Connolly 2003;
De Azevedo Lucio 2003; Evrard 2000; Forlani 2002; Liu 2016;
Matsuura 2001; Neto 2013; Ogawa 2013; Osada 2012; Sakaguchi
2012; Sezai 2011; Sezai 2012; Skiba 2013; Sun 2011; Yazicioglu
2002). This did not alter the interpretation of the effect for this
outcome.

« Bradycardia: we included in analysis only studies published
since 2000 (Auer 2004; But 2006; Ogawa 2013; Serruys 2000;
Sezai 2012). Whilst the effect continued to show little or no

difference between groups in the incidence of bradycardia, we
noted that the Cl was much wider when analysis included fewer
and only more recently published studies (RR 3.11, 95% CI 0.81
to 11.95).

« Hypotension: we included in analysis only studies published
since 2000 (Auer 2004; But 2006; Serruys 2000; Sezai 2012).
Whilst the effect continued to show little or no difference
between groups in the incidence of hypotension, we noted that
the Cl was much wider when analysis included fewer and only
more recently published studies (RR 1.95, 95% CI 0.35 to 10.99).

Outcomes with rare events

o In studies reporting all-cause mortality, fewer than 1%
participants had an event within 30 days. In sensitivity analysis,
we used Peto odds ratio. This did not alter the interpretation of
the effect.

DISCUSSION

Summary of main results

We found 63 studies in which beta-blockers were given during
the perioperative period to adults undergoing cardiac surgery. In
addition, we identified four studies awaiting classification (two are
reported only as an abstract and two are completed trials; we await
publication of the full reports for these studies) and two ongoing
studies.

We found low-certainty evidence that beta-blockers make little or
no difference to all-cause mortality within 30 days, however, we
found few deaths in the control and the beta-blocker groups. We
found no evidence of a difference in the number of people who
have an acute myocardial infarction (low-certainty evidence). We
were uncertain whether these agents make little or no difference
to cerebrovascular events because we assessed the certainty of
the evidence to be very low. We found low-certainty evidence
that taking beta-blockers perioperatively may reduce ventricular
arrhythmias and atrial fibrillation or flutter. Beta-blockers may
make little or no difference to hypotension or bradycardia; although
we assessed the evidence for these outcomes to be low certainty.

We found little or no difference in long-term mortality from two
studies, as well as little or no difference in death due to cardiac
causes in four studies. Similarly, we found little or no difference
in the number of people who had congestive failure in three
studies. However, we assessed the certainty of the evidence for
these outcomes to be very low. We found low-certainty evidence
that length of stay was shorter when participants were treated
with beta-blockers but analysis identified moderate statistical
heterogeneity; we did not explore reasons for this heterogeneity
through further subgroup analysis. No studies assessed quality of
life.

Overall completeness and applicability of evidence

We identified 63 studies with 7768 participants, of which ten were
identified in the most recent search. All studies were in adult
participants undergoing cardiac surgery.

Because of the type of surgery, we assumed that all participants
were at high risk of cardiac complications. We noted differences
between studies with regard to whether participants were taking
beta-blockers preoperatively, and previous history of conditions
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such as hypertension or myocardial infarctions. However, these
differences would be consistent with a general population of
people scheduled to undergo cardiac surgery.

We included in the review several studies published prior to 2000,
and these studies may have used clinical management strategies
that differ from current practice. We explored this in sensitivity
analysis but found no changes to the interpretation of the effect
for the main review outcomes when we included only studies
published since 2000.

For most outcomes, we noted little evidence of heterogeneity in
the effects. Exploration of subgroups according to the type of beta-
blocker or whether the intervention was given before, during, or
after surgery did not strongly demonstrate that these differences
were likely to influence the results.

Quality of the evidence

We used GRADE to assess the certainty of the evidence. In a previous
version of the review (Blessberger 2018), we calculated optimal
information sizes for each outcome and we used these calculations
in the current update to assess that we had insufficient numbers
of participants for our main outcomes (except for atrial fibrillation).
In addition, we noted a wide confidence interval for the effects in
some outcomes. Subsequently, we downgraded the certainty of the
evidence owing to imprecision.

In general, we found that very few included studies had used
adequate reporting methods to describe methods of sequence
generation and allocation concealment, and none of the included
studies were prospectively registered with clinical trial registers.
Many studies compared perioperative beta-blockers with standard
care rather than with a placebo and this open-label study design
introduced performance bias which was not present in most of
the placebo-controlled trials. We noted that some studies allowed
clinicians to use beta-blockers to treat arrhythmias regardless of
the study group to which participants were allocated; therefore,
in some studies participants in the control group received
beta-blockers as rescue therapy during the study period. We
downgraded the certainty of the evidence owing to these study
limitations.

Potential biases in the review process

Our previous review assessed beta-blockers in both cardiac and
non-cardiac surgery (Blessberger 2018); we split this review into
two reviews according to type of surgery. This version incorporates
data from studies of cardiac surgery and includes an updated
search. We conducted a thorough search in the update and used
two review authors to assess study eligibility, extract data, and
assess risk of bias in included studies; therefore, we reduced
potential bias in the review process.

During the updating process, we made changes to the review
to meet current Cochrane standards. This included minor
clarifications to the inclusion criteria of the review, and changes to
the wording of the sections of the methods within Data collection
and analysis. In particular, this version of the review includes
fewer outcomes. Data for myocardial ischaemia, supraventricular
arrhythmias (except atrial fibrillation or flutter), bronchospasm and
cost of care are reported only in the previous version (Blessberger
2018). In reducing the number of outcomes, our intention was
to improve the usability of the review; therefore, we selected

outcomes that we considered to be most important to users of the
review. We used the work of Myles and colleagues to support this
decision-making process (Myles 2016), and sought advice from a
Cochrane Editor before agreeing to a reduction in outcomes.

In addition, we did not include meta-regression as a method to
explore heterogeneity in this review. We explored heterogeneity
only through subgroup analysis that we decided in the review
protocol. We conducted analyses using a random-effects model,
rather than choosing the effects model based on statistical
heterogeneity (Borenstein 2010); we evaluated in sensitivity
analysis the effect of using Peto odds ratio for rare events, which
uses a fixed-effect model. Again, we made these decisions following
advice from the Cochrane Editorial team.

We included only trials that investigated at least one outcome
specified in the Methods section. Because of the vast scope of
the literature search and the large number of search results and
included trials, this approach was justified in order to improve
the management of the review. Whilst this may have introduced a
source of bias, we judged the impact of potentially missing studies
as small because the available set of data was derived from a large
number of trials.

Whilst we attempted to collect definitions of outcomes from
study reports (e.g. for hypotension), we could not account for the
variation in individual clinical management of participants in which
agents such as vasopressors or inotropes may affect outcome
definition. We also found that some studies did not specify a
definition of all outcomes.

Furthermore, we could not contact all study authors to gather
further information about trial design or data analysis (e.g.
performance of an intention-to-treat analysis) because of the large
number of studies. However, it is likely that study authors, if
contacted, may over report trial design quality criteria.

Agreements and disagreements with other studies or
reviews

The addition of 10 new studies in this update did not alter the
interpretation of our findings; these results are consistent with
those reported for cardiac surgery in the previous version of this
review (Blessberger 2018). They are also largely consistent with
those of other systematic reviews which include both RCTs and
observational studies (Crystal 2002; Tamura 2017; Thein 2018;
Wang 2018).

We identified moderate statistical heterogeneity in the effect
estimate for atrial fibrillation or flutter, and this heterogeneity was
not present in most of our other outcomes. We were unable to
explain this inconsistency in the data, and noted that another large
systematic review similarly reported unexplained heterogeneity for
this outcome (Crystal 2002).

Areductionin heartrate and blood pressure are inherent properties
of beta-blockers, and it could be argued that it is expected that
use of beta-blockers during the perioperative period would induce
bradycardia and hypotension. However, people undergoing cardiac
surgery, in particular, are likely to be under stricter controls to keep
haemodynamic variables stable within a small range; we could
not always ascertain whether and how participants were managed
in all studies and could not be certain whether other clinical
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management may have influenced the results for bradycardia and
hypotension.

Although we used subgroup analysis to assess the effects of the
type of beta-blocker or the time at which the treatment was
initiated, we were not confident in the findings from this analysis.
Any differences between the primary analyses and subgroup
analyses were in subgroups for which there were very few studies
and participants and subsequently, the effect was much less
precise.

AUTHORS' CONCLUSIONS

Implications for practice

We found no evidence of a difference in early all-cause mortality,
myocardial infarction, cerebrovascular events, hypotension and
bradycardia. However, our evidence showed a reduction in atrial
fibrillation when beta-blockers were used, and they probably also
reduce ventriculararrhythmias. Alarger sample size would increase
the certainty of this evidence. Four studies awaiting classification
may alter the conclusion of this review.

Implications for research

In order to increase the certainty in the effects for most outcomes
in this review, a larger sample is required. More research in this
field would also enable a more precise exploration of subgroups.
In particular, the timing of beta-blocker application may have
an important influence on their effect (plaque stabilization,
haemodynamic adaptation).

We noted that no studies measured quality of life. From a patient
perspective, this is likely an important outcome, and from a study

investigator perspective, evaluation can be conducted easily using
established questionnaires. We suggest that future trials should
also focus their attention on this endpoint.

The review assessed only direct comparisons. Given the different
types of beta-blockers, and continuing research that we expect
to contribute to this field, a network meta-analysis should be
considered in future review updates. A network meta-analysis
would explore indirect comparisons, as well as direct comparisons,
and may be useful to clinicians by providing a more comprehensive
analysis of the effects of each type of beta-blocker, and further
improve the precision of the estimates.
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CHARACTERISTICS OF STUDIES

Characteristics of included studies [ordered by study ID]

Abel 1983

Methods Quasi-randomized trial, parallel design

Participants Total number of randomized participants: 100

Inclusion criteria: participants of either gender receiving beta-adrenergic blocking agents and under-
going isolated autocoronary saphenous vein bypass procedures without concomitant valve replace-
ment or left ventricular resection and with preoperative left ventricular ejection fractions

Exclusion criteria: intolerance to beta-adrenergic blocking agents or severe bronchospastic symp-
toms

Type of surgery: elective CABG
Baseline characteristics
Intervention group (propranolol)

« Age, mean (SEM): 56.8 (+ 1.3) years
« Gender, M/F:44/6

Control group (standard care)

« Age, mean (SD): 56.4 (+ 1.2) years
« Gender,M/F:39/11

Country: USA

Setting: hospital; single centre

Interventions Intervention group (propranolol)

« Randomized, n = 50; losses = 9 (intervention discontinued because of clinical events: 3 had severe
hypotension; 2 had preoperative MI, 2 had bradycardia; 1 had cardiac arrest and biventricular failure);
analysed, n =41 (ITT analysis not used)

« Details: in addition to usual propranolol dose, propranolol hydrochloride 1 mg IV given at induction
of anaesthesia and another 1 mg at onset of cardiopulmonary bypass. In early postoperative period,
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Abel 1983 (continued)

propranolol hydrochloride 2mg IV given every 4 h until participant able to take oral fluids, then orally
at dose of 10 mg every 6 h for 24 h. For next 4 days, 20 mg given every 6 h, then weaning from sixth
day with discontinuation at seventh or eighth day

Control group (standard care)

« Randomized, n =50; losses = 0; analysed, n =50
« Details: propranolol discontinued 6 h preoperatively; no additional propranolol given postoperatively
unless indicated by arrhythmias or hypertension

Outcomes Outcomes measured/reported by study authors: mortality (in-hospital); MI; ventricular arrhythmias;
supraventricular arrhythmias (to include overall, and data for atrial fibrillation and atrial flutter); rea-
sons for treatment withdrawal (intervention group only) - severe hypotension, preoperative MI, brady-
cardia, cardiac arrest and biventricular failure
Outcomes relevant to the review: mortality (in-hospital); MI; ventricular arrhythmias; AF; hypoten-
sion and bradycardia (see notes below)

Notes Funding/declarations of interest: not reported
Study dates: not reported
Note:

« reasons for loss of participants in the intervention group were for clinical events which related to the
review outcomes. We did not include these data in analyses of these outcome because we could not
be certain whether participants in the control group experienced any of these events

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  High risk Quasi-randomization (last digit of hospital record number)

tion (selection bias)

Allocation concealment High risk See above

(selection bias)

Blinding of participants High risk Open-label trial

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- High risk Open-label trial

sessors (detection bias)

All outcomes

Incomplete outcome data  High risk 9 withdrawals in beta-blocker group due to bradycardia (2), severe hypoten-

(attrition bias) sion (3), preoperative myocardial infarction (2), biventricular failure (1), and

All outcomes cardiac arrest (1). No losses reported in the control group

Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-

porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias

Other bias High risk Quote: "In the postoperative period, 26 of the 50 control patients (52%) re-

ceived propranolol therapy for at least one dose because of a variety of thera-
peutic indications".
Comment: this may influence outcome data in the control group
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Ali 1997

Methods

RCT, parallel design

Participants

Total number of randomized participants: 210

Inclusion criteria: participants undergoing elective CABG, taking beta-blockers (metoprolol, atenolol,
sotalol, or inderal) preoperatively

Exclusion criteria: chronic obstructive lung airway disease, preoperative ejection fraction < 35%, his-
tory of AF, SVT, or bradycardia (<50 bpm)

Type of surgery: elective CABG
Baseline characteristics
Intervention group (various)

« Age, mean (SD): 65.1 (+ 8.4) years

« Gender,M/F:74/31

« NYHA, class lI/lll,n: 21/84

+ Ejection fraction, mean (SD): 59 (+ 14)%

Control group (standard care)

« Age, mean (SD): 63.3 (+ 7.2) years

« Gender, M/F: 69/36

« NYHA, class lI/1ll, n: 25/80

+ Ejection fraction, mean (SD): 56 (+ 8)%

Country: Canada

Setting: hospital; single centre

Interventions

Intervention group (various)

+ Randomized, n=105; losses = 0; analysed, n = 105 (use of ITT analysis not reported)

« Details: continuation postoperatively of preoperative beta-blocker dose, unless HR <65 bpm in which
case dose was started at half-dose and increased as tolerated up to preoperative dose

Control group (standard care)

« Randomized, n =105; losses = 0; analysed, n = 105
«+ Details: did not receive preoperative dose of beta-blockers

Outcomes

Outcomes measured/reported by study authors: AF; MI; mortality; cerebrovascular events (stroke,
leading to death)

Outcomes relevant to the review: AF; MI; mortality

Notes

Funding/declarations of interest: not reported
Study dates: not reported
Note:

« wedid notinclude outcome data of stroke in one participant (in the control group) because this event
was reported as fatal by study authors

Risk of bias
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Ali 1997 (continued)

Bias

Authors' judgement  Support for judgement

Random sequence genera-

tion (selection bias)

Unclear risk Not specified

Allocation concealment
(selection bias)

Unclear risk Not specified

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Open-label trial

Blinding of outcome as-
sessors (detection bias)
All outcomes

High risk Open-label trial

Incomplete outcome data
(attrition bias)
All outcomes

Low risk No apparent losses

Selective reporting (re-
porting bias)

Unclear risk

Study authors did not report prospective clinical trial registration or publica-
tion of a protocol. It was not feasible to effectively assess risk of reporting bias

Other bias

Low risk Not detected

Arar 2007

Methods

RCT, parallel design

Participants

Total number of randomized participants: 80

Inclusion criteria: scheduled for CABG surgery, with planned extubation in the ICU

Exclusion criteria: preoperative ejection fraction < 40%; history of asthma; receiving vasodilator and

inotropic support by infusion; allergic to study drugs
Type of surgery: elective CABG

Baseline characteristics

Intervention group (esmolol)

« Age, mean (SD): 57.43 (+ 8.03) years
« Gender,M/F:17/23
« Preoperative use of beta-blockers, %: 100

Control group (placebo)

« Age, mean (SD): 59.18 (+ 9.91) years
« Gender, M/F: 16/24
» Preoperative use of beta-blockers, %: 100

Country: Turkey

Setting: hospital; single centre

Interventions

Intervention group (esmolol)
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Arar 2007 (Continued)

« Randomized, n =40; losses, n = 0; analysed, n =40
« Details: 1 mg/kg esmolol diluted to 20 mL, administered over 5 min just before tracheal extubation

Control group (placebo)

« Randomized, n =40; losses, n = 0; analysed, n =40
« Details: 20 mL normal saline, given the same as the intervention group

Outcomes Outcomes measured/reported by study authors: haemodynamic variables; hypotension; bradycar-
dia
Outcomes relevant to the review: hypotension (see notes); bradycardia (see notes)
Notes Funding/declarations of interest: not reported
Study dates: not reported
Note:
« study included an additional group (magnesium), which we did not include in the review
« wedid notinclude data for hypotension and bradycardia in analysis, because we could not be certain
that data were reported in both groups. Study authors reported that "no hypotension or bradycardia
related to esmolol was seen"
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Not specified
tion (selection bias)
Allocation concealment Unclear risk Not specified
(selection bias)
Blinding of participants Low risk Quote: "The drugs were prepared by one anaesthesiologist and administered
and personnel (perfor- by another who did not know its identity"
mance bias)
All outcomes
Blinding of outcome as- Unclear risk Not specified
sessors (detection bias)
All outcomes
Incomplete outcome data  Low risk No apparent losses
(attrition bias)
All outcomes
Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-
porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias
Other bias Low risk Not detected
Auer 2004
Methods RCT, parallel design

Participants

Total number of randomized participants: 193
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Auer 2004 (Continued)

Inclusion criteria: haemodynamically stable, available at least 1 day before surgery, > 19 years of age,
in normal sinus rhythm with no evidence of preoperative AF, baseline corrected QT interval of <400 ms

Exclusion criteria: chronic or paroxysmal AF, Ml < 2 weeks before surgery, unstable angina, ejection
fraction <35%, HR <55 bpm, advanced heart block of severe conduction disturbance, history of amio-
darone toxicity, implantable defibrillator, or treatment with certain possibly interacting drugs, untreat-
ed thyroid disease, serum aspartate aminotransferase or alanine aminotransferase concentrations > 3
times normal, impaired renal function

Type of surgery: cardiac surgery (CABG and valvular surgery)

Baseline characteristics

Intervention group (metoprolol)

Age, mean (SD): 68 (+ 9) years

Gender, M/F:37/25

History of MI, %: 21

History of hypertension, %: 66.1

Ejection fraction, mean (SD), %: 69 (+ 9)
Preoperative use of beta-blockers, %: 38.7

Intervention group (sotalol)

Age, mean (SD): 66 (+ 10) years

Gender, M/F: 40/23

History of MI, %: 15.9

History of hypertension, %: 66.7

Ejection fraction, mean (SD)%: 69 (+ 9)
Preoperative use of beta-blockers, %: 39.7

Control group (placebo)

Age, mean (SD): 63 (+ 12) years

Gender, M/F: 38/27

History of MI, %: 15.4

History of hypertension, %: 55.4

Ejection fraction, mean (SD): 68 (+ 8)%
Preoperative use of beta-blockers, %: 33.8

Country: Austria

Setting: single centre; hospital (tertiary care centre)

Interventions Intervention group (metoprolol)

Randomized, n = 62; losses = 0 (see notes); analysed, n = 62

Details: metoprolol 50 mg twice a day. Started 24-36 h before surgery and continued for up to 8 days
after surgery. Immediately after surgery, drugs were given via nasogastric tube, with weaning to oral
administration within 24-36 h of surgery. Study drugs were halved if evidence of HR <50 bpm

Intervention group (sotalol)

Randomized, n = 65; losses = 2 (see notes); analysed, n = 65 (we included lost participants in analysis

for some outcomes, see notes)

Details: sotalol 240 mg, in 3 daily doses. Started 24-36 h before surgery and continued for up to 8 days
after surgery. Immediately after surgery, drugs were given via nasogastric tube, with weaning to oral
administration within 24-36 h of surgery. Study drugs were halved if evidence of HR <50 bpm

Control group (placebo)
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Auer 2004 (Continued)

» Randomized, n = 66; losses = 1 (see notes); analysed, n = 66 (we included lost participants in analysis
for some outcomes, see notes)

« Details: matching placebo, administered same as intervention groups

Outcomes Outcomes measured/reported by study authors: AF, cerebrovascular accident (stroke, TIA), ventric-
ular tachycardia, bradycardia (HR <40 bpm), hypotension (SBP <90 mmHg), postoperative infection,
mortality, length of hospital stay. Outcome monitoring during hospital stay
Outcomes relevant to the review: mortality, cerebrovascular accident (stroke, TIA), ventricular tachy-
cardia, AF, bradycardia, hypotension, length of hospital stay

Notes Funding/declarations of interest: study drugs provided by pharmaceutical company, all other fund-
ing from intramural divisional funds
Study dates: January 2001-May 2002
Notes:

« studyincluded an additional group (metoprolol + amiodarone) which we did not include in the review

« we received information from the study authors regarding 3 participants who were randomized and
did not have surgery; we have included these participants in analysis for all-cause mortality at 30 days,
cerebrovascular events, and AF

« we combined data in analyses for the metoprolol and sotalol group

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Randomization table was used for sequence generation

tion (selection bias)

Allocation concealment Low risk Randomization schedule was sealed

(selection bias)

Blinding of participants Low risk Quote: "Only the nurse and unmasked study controller (who reviewed safety

and personnel (perfor- issues) had knowledge of drug group allocation, and neither had patient con-

mance bias) tact nor extracted data"

All outcomes

Blinding of outcome as- Low risk Quote: "Only the nurse and unmasked study controller (who reviewed safety

sessors (detection bias) issues) had knowledge of drug group allocation, and neither had patient con-

All outcomes tact nor extracted data"

Incomplete outcome data  Low risk 3 participants were excluded from analysis after randomization (1 participant

(attrition bias) refused surgery, 1 was refused to be operated on by the surgeon and 1 suffered

All outcomes from a stroke before the time of surgery - study authors provided exact group

allocation). Small number of losses

Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-

porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias

Other bias Low risk Not detected

Babin-Ebell 1996
Methods RCT, parallel design
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Babin-Ebell 1996 (continued)

Participants Total number of randomized participants: 70
Inclusion criteria: scheduled for CABG

Exclusion criteria: unstable angina, bradycardia (HR <50 bpm), COPD, ejection fraction < 0.4, history
of SVT and additional surgical procedures

Type of surgery: elective CABG
Baseline characteristics
Intervention group (propranolol)

« Age, mean (SD): 61.4 (+ 8.7) years

« Gender, M/F:25/8

« NYHACclass I/, n: 13/20

« History of myocardial infarction, %: 57

« History of hypertension, %: 66

« Preoperative use of beta-blockers, %: 61

Control group (standard care)

« Age, mean (SD): 64.3 (£ 9.1) years

« Gender,M/F:31/6

« NYHACclass II/lll, n: 10/27

« History of myocardial infarction, %: 35

« History of hypertension, %: 49

« Preoperative use of beta-blockers, %: 65

Country: Germany

Setting: hospital; single centre

Interventions Intervention group (propranolol)

« Randomized, n=33;losses =8 (withdrawal owing to: hypotension 5; bradycardia 1; perioperative Ml 1,
SVT 2); analysed, n =33 (ITT analysis not used by study authors; we re-included data where possible),
n =27 for supraventricular arrhythmias

« Details: 10 mg propranolol every 6 h postoperatively, up to 72 h
Control group (standard care)

« Randomized, n =37; losses = 14 (withdrawal owing to: Ml 1; SVT 13); analysed, n =37
« Details: no anti-arrhythmic agents were administered, upto 72 h

Outcomes Outcomes measured/reported by study authors: supraventricular tachycardia, haemodynamic para-
meters, cardiac enzyme levels, use of catacholamines (to manage low cardiac output, or hypotension)
and leading to withdrawal from treatment, MI, bradycardia. Outcomes were assessed up to 7 days fol-
lowing surgery

Outcomes relevant to the review: acute MI, bradycardia

Notes Funding/declarations of interest: not reported
Study dates: not reported
Note:

« study includes a 3rd arm (diltiazem), which we did not include in the review

« study authors reported data for supraventricular tachycardia at 2 time points. At the final time point (7
days), 1 participant in the control group developed supraventricular tachycardia; we did not include
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Babin-Ebell 1996 (continued)

this in analysis of the earlier time point because we could not be certain whether this introduced a
unit of analysis error

Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Not specified

tion (selection bias)

Allocation concealment Unclear risk Not specified
(selection bias)

Blinding of participants High risk Open-label trial
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- High risk Open-label trial
sessors (detection bias)
All outcomes

Incomplete outcome data  High risk 6 participants were excluded from analysis of supraventricular arrhythmias -
(attrition bias) we re-included these lost participants for data for bradycardia, hypotension,
All outcomes MI). Losses are imbalanced between groups
Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-
porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias
Other bias Low risk Not detected

Bert 2001
Methods RCT, parallel design
Participants Total number of randomized participants: 131

Inclusion criteria: scheduled for primary CABG surgery

Exclusion criteria: history of atrial or ventricular arrhythmias or any other than sinus rhythm on ECG
obtained evening before surgery; severe left ventricular dysfunction, bronchospastic airway disease,
renal failure

Type of surgery: elective CABG
Baseline characteristics
Intervention group (propranolol)

« Age, mean (SD): 63.8 (+ 10.7) years

» Gender, M/F: 54/17

« Ejection fraction, mean (SD), %: 49 (+ 10)

« Preoperative use of beta-blockers, %: 76.1

Control group (standard care)

« Age, mean (SD): 63.6 (+ 9.6) years
« Gender, M/F:50/10
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Bert 2001 (Continued)

« Ejection fraction, mean (SD), %: 49 (+ 11)
« Preoperative use of beta-blockers, %: 71.7

Country: USA

Setting: single centre; hospital

Interventions

Intervention group (propranolol)

« Randomized, n =71; losses = 0; analysed, n =71 (use of ITT analysis not used)

« Details:1 mg propranolol, IV, every 6 h initiated at start of ICU admission, continued until participant
converted to oral propranolol, usually by 1st postoperative morning. Then 10 mg propranolol orally
4 times a day, until 4th postoperative day

Control group (standard care)

« Randomized, n = 60; losses = 0; analysed, n = 60
« Details: participants were given no antiarrhythmic drugs

Outcomes Outcomes measured/reported by study authors: postoperative atrial tachyarrhythmias, time to ex-
tubation, MI, duration of hospital stay, mortality, ventricular ectopic activity
Outcomes relevant to the review: MI, length of hospital stay, mortality
Notes Funding/declarations of interest: not reported
Study dates: not reported (study duration 36 months)
Note:
« study includes 4 other groups (magnesium; magnesium + propranolol; digitalis; and digitalis + mag-
nesium), which we did not include in the review
« 3 participants were not included after enrolment because they did not have surgery. We did not in-
clude these participants in the randomized participants
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Table of random numbers
tion (selection bias)
Allocation concealment Unclear risk Not specified
(selection bias)
Blinding of participants High risk Open-label trial
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Low risk Quote: "All arrhythmia tracings were reviewed by a cardiologist unaware of the
sessors (detection bias) patient's treatment group to confirm arrhythmia classification and to quantify
All outcomes the initial ventricular response rate"
Incomplete outcome data  Low risk We noted that 3 participants were excluded after enrolment because they did
(attrition bias) not undergo surgery; study authors did not report to which group these partic-
All outcomes ipants belonged. All other participants were included in analysis
Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-
porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias
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Bert 2001 (Continued)

Other bias High risk The study end-point was reached if a participant had postoperative atrial
tachycardia. At this point, clinicians were free to treat participants with oth-
er agents to include beta-blockers. Because participants in the control group
may have received beta-blockers, this may influence data for other outcomes

Bignami 2017
Methods RCT, parallel design
Participants Total number of randomized participants: 46

Inclusion criteria: undergoing cardiac surgery; = 18 years of age; preoperative left ventricular end dias-
tolic diameter>60 mm and left ventricular ejection fraction < 50%

Exclusion criteria: previous unusual response to esmolol; esmolol administration in previous 30 days;
emergency surgery; inclusion in other RCTs

Type of surgery: elective cardiac surgery (coronary, mitral valve, aortic valve)

Baseline characteristics

Intervention group (esmolol)

Age, mean (SD): 62 (+ 10.8) years

Gender, M/F: 18/3

NYHA class Il or IV: 10

History of coronary heart disease, n: 8
History of hypertension, n: 12

Ejection fraction, mean (SD), %: 37 (+ 7.1)
History of COPD, n: 4

Preoperative use of beta-blockers, n: 13

Control group (placebo)

Age, mean (SD): 63 (+ 14.5) years

Gender, M/F: 20/5

NYHA class Il or IV: 7

History of coronary heart disease, n: 7
History of hypertension, n: 14

Ejection fraction, mean (SD), %: 38 (+ 8.9)
History of COPD, n: 2

Preoperative use of beta-blockers, n: 15

Country: Italy

Setting: single centre; teaching hospital

Interventions Intervention group (esmolol)

+ Randomized, n =21; losses = 0; analysed, n =21 (use of ITT analysis)

« Details: preoperative medication stopped on day of surgery, and continued after surgery if permitted
by HR, BP, and cardiac index. 1st dose 1 mg/kg esmololin a 10 mg/mL solution, given IV before aortic
cross-clamping, additional dose 2 mg/kg given via cardioplegic solution

Control group (placebo)

« Randomized, n =25; losses = 0; analysed, n = 25 (use of ITT analysis)
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Bignami 2017 (Continued)

 Details: normal saline, given same as the intervention group

Outcomes Outcomes measured/reported by study authors: myocardial damage; troponin levels, ventricular
fibrillation, need for inotropic support, ICU and hospital length of stay, mortality (at 1 year)

Outcomes relevant to the review: hospital length of stay (see notes below), mortality (at 1 year)

Notes Funding/declarations of interest: study authors received no funding, and declare no conflicts

Study dates: not reported

Note:

« wedid notinclude hospital length of stay in analysis because it was not reported as mean (SD) values;
study authors reported median (IQR) length of hospital stay as 7 (6 to 12) days in the esmolol group,
and 7 (6 to 10) days in the placebo group

Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Computer-generated random numbers
tion (selection bias)
Allocation concealment Low risk Use of sealed, numbered, opaque envelopes for group assignment
(selection bias)
Blinding of participants Low risk All personnel were blinded to group assignment. Study drugs prepared so that
and personnel (perfor- they were identical in appearance
mance bias)
All outcomes
Blinding of outcome as- Low risk Outcome assessors blinded to group assignment
sessors (detection bias)
All outcomes
Incomplete outcome data  Low risk No losses
(attrition bias)
All outcomes
Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-
porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias
Other bias Low risk Not detected
Booth 2004
Methods RCT, parallel design

Participants

Total number of randomized participants: 72
Inclusion criteria: scheduled for primary CABG

Exclusion criteria: history of severe hepatic dysfunction, history of bronchospasm requiring daily
bronchodilator therapy, pregnancy, preoperative inotropic drug use, off-pump coronary surgery

Type of surgery: elective CABG
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Booth 2004 (continued)

Baseline characteristics
Intervention group (metoprolol)

« Age, mean (SD): 64 (+ 1.6) years

« Gender,M/F:21/12

« Ejection fraction, mean (SD), %: 52 (+ 2)
« Preoperative use of beta-blockers, %: 59

Control group (placebo)

« Age,mean (SD): 59 ( 1.7)

« Gender, M/F:25/14

 Ejection fraction, mean (SD), %: 56 (+ 2)
«+ Perioperative use of beta-blockers, n: 63

Country: USA

Setting: single centre, hospital

Interventions

Intervention group (metoprolol)

« Randomized, n =33; losses = 0; analysed, n = 33 (ITT analysis used)
 Details: 10 mg metoprolol IV, given immediately before initiation of CPB

Control group (placebo)

« Randomized, n =39; losses = 0; analysed, n =39
« Details: given same as intervention group

Outcomes Outcomes measured/reported by study authors: beta-adrenergic receptor function, inotropic sup-
port, supraventricular arrhythmias, haemodynamic variables, length of hospital stay, duration of venti-
lation
Outcomes relevant to the review: length of hospital stay

Notes Funding/declarations of interest: in part, by NIH grants and the Duke Clinical Research Centers Pro-
gram
Study dates: not reported
Note:

« study also included a dose-finding study (with doses of 20 mg and 30 mg metoprolol). We did not
include these groups in analysis, because they were not randomized.

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Not specified

tion (selection bias)

Allocation concealment Unclear risk Not specified

(selection bias)

Blinding of participants Unclear risk Not specified

and personnel (perfor-

mance bias)

All outcomes
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Blinding of outcome as- Unclear risk Not specified
sessors (detection bias)
All outcomes

Incomplete outcome data  Low risk No apparent losses
(attrition bias)
All outcomes

Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-
porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias
Other bias Low risk Not detected

But 2006
Methods RCT, parallel design
Participants Total number of randomized participants: 30

Inclusion criteria: people with type Il diabetes mellitus undergoing CABG surgery

Exclusion criteria: type | diabetes mellitis; ejection fraction < 40%, liver and kidney insufficiency;
bleeding diathesis; valvular heart disease

Type of surgery: CABG
Baseline characteristics
Intervention group (esmolol)

« Age, mean (SD): 58 (+ 6) years

« Gender, M/F: 8/7

« History of MI, n: 7

« History of hypertension, n: 5

« Ejection fraction, mean (SD), %: 49 (+ 5)
« Preoperative use of beta-blockers, n: 4

Control group (placebo)

« Age, mean (SD): 57 (x 5) years

« Gender, M/F:6/9

« History of MI, n: 5

« History of hypertension, n: 6

« Ejection fraction, mean (SD), %: 51 (+ 5)
« Preoperative use of beta-blockers, n: 3

Country: Turkey

Setting: single centre; hospital

Interventions Intervention group (esmolol)

« Randomized, n = 15; losses = 0; analysed, n = 15 (use of ITT analysis not reported)

« Details: esmolol 500 pg/kg over 3 min before induction of anaesthesia, followed by infusion 100 pg/
kg/min continued until 12 h postoperatively

Control group (placebo)
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But 2006 (Continued)

« Randomized, n = 15; losses = 0; analysed, n =15
« Details: 20 mL normal saline over 5 min, followed by 20 mL/h normal saline

Outcomes Outcomes measured/reported by study authors: amount of glucose-insulin-potassium infusion con-
sumption; blood glucose levels; bradycardia (not defined), hypotension (not defined), hypertension; re-
covery times; length of hospital stay; dysrhythmias; inotropic support
Outcomes relevant to the review: bradycardia; hypotension; length of hospital stay

Notes Funding/declarations of interest: not reported
Study dates: not reported
Note:

« study included an additional group (magnesium), which we did not include in the review
« article in Turkish, translated with the help of D Azar (previous review author - Blessberger 2018)

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Not specified

tion (selection bias)

Allocation concealment Unclear risk Not specified

(selection bias)

Blinding of participants Unclear risk Although the control group is given normal saline, it is not clear whether this is

and personnel (perfor- given as a placebo, and whether anaesthetists are aware of group allocation

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Not specified

sessors (detection bias)

All outcomes

Incomplete outcome data  Low risk No apparent losses

(attrition bias)

All outcomes

Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-

porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias

Other bias Low risk Not detected

Connolly 2003
Methods RCT, parallel design

Participants

Total number of randomized participants: 1000
Inclusion criteria: scheduled for heart surgery with CABG, residing at home before hospital admission

Exclusion criteria: emergency surgery, previous adverse reaction to beta-blockers, COPD, junctional
rhythm or 2nd- or 3rd-degree atrioventricular block, long-term preoperative amiodarone therapy. Ad-
ditional postoperative exclusion criteria: sinus bradycardia; cardiac index < 2.3 L/min/m?; need for IV
inotropic agent; evidence of bronchospasm
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Type of surgery: elective heart surgery (CABG)
Baseline characteristics
Intervention group (metoprolol)

« Age, mean (SD): 63 (+ 10) years
« Gender, M/F:390/110
« Preoperative use of beta-blockers, %: 82

Control group (placebo)

« Age, mean (SD): 62 (+ 10)
« Gender, M/F:400/100
« Preoperative use of beta-blockers, %: 79

Country: Canada
Setting: single centre; hospital
Mean age: 62.5 years

Percentage of female participants: 21

Interventions

Intervention group (metoprolol)

« Randomized, n =500; losses = 0; analysed, n =500 (use of ITT analysis not reported)

« Details: 50 mg metoprolol starting immediately after surgery every 12 h, using nasogastric tube. Con-
tinued for 14 days or until hospital discharge (whichever occurred sooner)

Control group (placebo)

« Randomized, n =500; losses = 0; analysed, n =500
« Details: given same as intervention group

Outcomes Outcomes measured/reported by study authors: length of stay, arrhythmias (supraventricular and
ventricular arrhythmias), Ml, cost of care, stroke, death, haemodynamic parameters
Outcomes relevant to the review: length of hospital stay, arrhythmias (AF and ventricular arrhyth-
mias), Ml, stroke, death

Notes Funding/declarations of interest: supported by a grant from Canadian Institutes for Health Research
Study dates: January 1997-September 1999
Notes:
« after enrolment of 411 participants, dose of metoprolol was increased to 50 mg every 8 h for partici-

pants with a cardiac index of > 2.3 L/min/m?.

« study also known as BLOS study

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Not specified

tion (selection bias)

Allocation concealment Unclear risk Not specified

(selection bias)
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Blinding of participants Low risk Randomized, placebo-controlled, double-blind trial
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Unclear risk Not specified

sessors (detection bias)
All outcomes

Incomplete outcome data  Low risk No apparent losses

(attrition bias)

All outcomes

Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-

porting bias)

tion of a protocol. It was not feasible to effectively assess risk of reporting bias

Other bias High risk Non-study beta-blockers were given to 146 participants in the intervention
group, and 199 participants in the placebo group (main indication for this was
to treat postoperative AF). This may influence outcome data

Cork 1995
Methods RCT, parallel design

Participants

Total number of randomized participants: 30

Inclusion criteria: scheduled for heart surgery involving cardiopulmonary bypass and aortic cross-
clamping

Exclusion criteria: ASA status V, Ml within 1 week, evidence of renal or hepatic failure, history of severe

asthma, history of allergy or idiosyncratic reaction to beta-blockers

Type of surgery: elective heart surgery involving cardiopulmonary bypass and aortic cross-clamping
Baseline characteristics

Intervention group (esmolol)

« Age, mean (SD): 60 ( 2.7) years

« Gender, M/F:11/5

« ASAstatusIll/IV: 8/8

« Ejection fraction, mean (SD), %: 51.3 (+ 4.9)
« Preoperative use of beta-blockers, n: 6

Control group (placebo)

« Age,mean (SD): 63.2 (£ 2.1) years

« Gender, M/F: 8/6

« ASAstatus Ill/IV: 11/3

« Ejection fraction, mean (SD), %: 57.6 (+ 4.0)
+ Preoperative use of beta-blockers, n: 1

Country: USA

Setting: single centre; hospital

Interventions

Intervention group (esmolol)
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Cork 1995 (continued)

» Randomized, n = 16; losses = 1 (due to death, not included in data for arrhythmias); analysed, n = 16
(for death), and 15 (for other outcomes) (use of ITT analysis not reported)

« Details: after induction of GA, loading dose of 500 pg/kg/min, IV, over 4 min. Followed by continuous
infusion of 300 pg/kg/min, continued until 10 min after release of aortic cross-clamp

Control group (placebo)

» Randomized, n = 14; losses = 0; analysed, n = 14
« Details: placebo infusion, same as intervention group

Outcomes Outcomes measured/reported by study authors: haemodynamic and laboratory parameters, dys-
rhythmias (supraventricular and ventricular), length of stay and cost of care, mortality
Outcomes relevant to the review: length of hospital stay; mortality
Notes Funding/declarations of interest: supported in part by a grant from DuPont Pharmaceuticals
Study dates: not reported
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Not specified
tion (selection bias)
Allocation concealment Unclear risk Not specified
(selection bias)
Blinding of participants Low risk Randomized, placebo-controlled, double-blind trial
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Unclear risk Not specified
sessors (detection bias)
All outcomes
Incomplete outcome data  Low risk 1 participant died, and was not included in data for arrhythmia outcomes. No
(attrition bias) other losses
All outcomes
Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-
porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias
Other bias Low risk Not detected

Daudon 1986

Methods

RCT, parallel design

Participants

Total number of randomized participants: 100
Inclusion criteria: scheduled for elective CABG without additional cardiac surgical procedures

Exclusion criteria: contraindication to beta-blockers, left ventricular aneurysm, major renal failure,
history of cardiac arrhythmias, cardiac arrhythmias during immediate 36 h postoperative period, low
cardiac output still requiring catecholamine support at 36 h after surgery
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Daudon 1986 (continued)

Type of surgery: elective CABG
Baseline characteristics
Intervention group (acebutolol)

« Age, mean (SD): 51.8 (+ 8) years

« Gender, M/F:49/1

« Ejection fraction, mean (SD), %: 59 (+ 12)
« Preoperative use of beta-blockers, n: 37

Control group (standard care)

« Age, mean (SD): 56 (+9) years

« Gender, M/F: 46/4

« Ejection fraction, mean (SD), %: 61 (+ 11)
« Perioperative use of beta-blockers, n: 35

Country: France

Setting: single centre; hospital

Interventions

Intervention group (acebutolol)

« Randomized, n =50; losses = 0; analysed, n = 50 (use of ITT analysis not reported)

« Details: 36 h after surgery, twice a day until discharge (usually on day 7). Initial dose of 200 mg (or 400
mg if participant weighed > 80 kg), then modified to maintain HR of 60-90 bpm

Control group (standard care)

« Randomized, n =50; losses = 0; analysed, n = 50
« Details: standard care, participants did not receive any beta-blockers

Outcomes Outcomes measured/reported by study authors: AF and atrial flutter; MI
Outcomes relevant to the review: AF and atrial flutter; Ml

Notes Funding/declarations of interest: not reported
Study dates: not reported

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Not specified

tion (selection bias)

Allocation concealment Unclear risk Not specified

(selection bias)

Blinding of participants High risk Open-label trial

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- High risk Open-label trial

sessors (detection bias)

All outcomes
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Incomplete outcome data  Low risk No apparent losses

(attrition bias)
All outcomes

Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-

porting bias)

tion of a protocol. It was not feasible to effectively assess risk of reporting bias

Other bias High risk Study authors noted a statistically significant difference between ages (partic-

ipants in acebutolol group were younger). This age difference did not appear
to be clinically significant and we did not expect it to influence the data. How-
ever, we noted that some participants (3) in the control group were given be-
ta-blocking therapy to treat supraventricular tachyarrhythmias. Although only
a small number, this could have influenced data for other outcomes

De Azevedo Liicio 2003

Methods RCT, parallel design

Participants Total number of randomized participants: 200

Inclusion criteria: participants underwent isolated CABG surgery

Exclusion criteria: history of bronchospasm, left ventricular ejection fraction <35% in preopera-
tive period, implantable cardiac pacemaker, chronic AF, history of supraventricular arrhythmias, us-
ing amiodarone, congestive heart failure, low cardiac output, dependence on inotropic drugs, brad-
yarrhythmias

Type of surgery: elective CABG

Baseline characteristics

Intervention group (metoprolol)

Age, mean (SD): 59 (+ 10) years

Gender, M/F: 72/28

History of MI, %: 42

History of hypertension, %: 59

Ejection fraction, > 0.50: 85%; 0.35 to 0.50: 15%
Preoperative use of beta-blockers, %: 65

Control group (standard care)

Age, mean (SD): 62 (+ 11)

Gender, M/F: 74/26

History of MI, %: 42

History of hypertension, %: 63

Ejection fraction > 0.50: 82%; 0.35 to 0.50: 17%
Preoperative use of beta-blockers, %: 63

Country: Brazil

Setting: single centre; hospital

Interventions Intervention group (metoprolol)

Randomized, n = 100; losses = 0; analysed, n =100 (ITT analysis)
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De Azevedo Lticio 2003 (Continued)

« Details: initiated at 12 h postoperatively, orally or with nasogastric tube, doses range from 100 mg/day
to 300 mg/day, given 2 or 3times a day, and adjusted to maintain HR between 60-90 bpm. Continuation
until day 7 postoperatively or until discharge (whichever occurred first)

Control group (standard care)

« Randomized, n =100; losses = 0; analysed, n = 100
« Details: participants did not receive metoprolol

Outcomes

Outcomes measured/reported by study authors: AF/flutter, death, MI (group affiliation not speci-
fied), stroke (group affiliation not specified)

Outcomes relevant to the review: AF/flutter, death, MI (group affiliation not specified - see notes be-
low), stroke (group affiliation not specified - see notes below)

Notes

Funding/declarations of interest: not reported
Study dates: February 1997-October 1998
Note:

« 8study participants suffered from a Ml, and 5 suffered from a stroke. Study group allocation of these
participants was not specified

Risk of bias

Bias

Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Not specified
tion (selection bias)
Allocation concealment Unclear risk Not specified
(selection bias)
Blinding of participants High risk Open-label trial
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- High risk Open-label trial
sessors (detection bias)
All outcomes
Incomplete outcome data  Low risk No apparent losses
(attrition bias)
All outcomes
Selective reporting (re- High risk We noted that study group allocation of participants with certain adverse
porting bias) events (AMI, stroke) remained unclear; we considered this to demonstrate evi-
dence of selective reporting
Other bias Low risk Not detected
Dy 1998
Methods RCT, parallel design

Participants

Total number of randomized participants: 135
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Dy 1998 (Continued)

Inclusion criteria: scheduled for isolated CABG

Exclusion criteria: ejection fraction < 30%, prior atrial or ventricular arrhythmias, severe COPD, serum

creatinine > 2.0, severe bradycardia

Type of surgery: elective CABG

Baseline characteristics not reported in abstract
Country: USA

Setting: not reported in abstract

Interventions

Intervention group (metoprolol)

« Randomized, n =67; losses = 0; analysed, n = 67 (use of ITT analysis not reported)
« Details: metoprolol given after extubation until 24 h before discharge. No additional details

Control group (placebo)

« Randomized, n = 66; losses = 0; analysed, n = 66
« Details: no details. We assume that the placebo was given the same as the intervention drug

Outcomes Outcomes measured/reported by study authors: AF (period of observation is unclear)
Outcomes relevant to the review: AF
Notes Funding/declarations of interest: not reported
Study dates: January 1995-May 1997
Notes:
» conference abstract. We attempted to contacted the study authors by email to request additional
information or for a full-text publication; this was unsuccessful
« study includes an additional group (flecainide) which we did not include in the review
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Not specified
tion (selection bias)
Allocation concealment Unclear risk Not specified
(selection bias)
Blinding of participants Low risk Randomized, placebo-controlled, double-blind trial
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Unclear risk Not specified
sessors (detection bias)
All outcomes
Incomplete outcome data  Low risk No apparent losses

(attrition bias)
All outcomes
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Dy 1998 (Continued)

Selective reporting (re-
porting bias)

Unclear risk Study authors did not report prospective clinical trial registration or publica-
tion of a protocol. It was not feasible to effectively assess risk of reporting bias

Other bias

Unclear risk Limited detail in abstract. Not feasible to assess other risks of bias from this re-
port

Evrard 2000

Methods

RCT, parallel design

Participants

Total number of randomized participants: 206
Inclusion criteria: undergone CABG without cardiac concomitant procedures

Exclusion criteria: left ventricular ejection fraction < 35%, history of obstructive lung disease, known
intolerance to beta-blockers, history of recurrent or persistent SVT, ventricular tachycardia or fibrilla-
tion, postoperative aortic balloon pumping, renal failure, digoxin or other anti-arrhythmic agents be-
tween surgery and randomization

Type of surgery: elective CABG
Baseline characteristics
Intervention group (sotalol)

« Age, mean (SD): 61 (+9) years

« Gender, M/F:92/11

« History of MI, %: 38

« Left ventricular ejection fraction, mean (SD), %: 61 (+ 13)
« Preoperative use of beta-blockers, %: 67

Control group (standard care)

« Age, mean (SD): 61 (+ 9) years

« Gender, M/F:92/11

« History of MI, %: 40

« Left ventricular ejection fraction, mean (SD), %: 60 (+ 12)
« Preoperative use of beta-blockers, %: 68

Country: Belgium

Setting: single centre; hospital

Interventions

Intervention group (sotalol)

« Randomized, n =103; losses = 0; analysed, n = 103 (use of ITT analysis not reported)

« Details: started at noon on 1st postoperative day, 80 mg sotalol. Then at 10 pm, twice a day. Discon-
tinuation time point not specified

Control group (standard care)

« Randomized, n = 103; losses = 0; analysed, n = 103
 Details: standard care, no beta-blocker treatment given

Outcomes Outcomes measured/reported by study authors: supraventricular and ventricular arrhythmias (to in-
clude 'runs of ventricular tachycardia'), length of hospital stay, mortality; MI; adverse events leading to
discontinuation of treatment (to include asthma, mild heart failure, bradycardia, reduction in cardiac
index, sinus tachycardia, moderate hypertension, ventricular extrasystoles)
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Evrard 2000 (Continued)

Outcomes relevant to the review: AF; length of hospital stay (see notes below), mortality; Ml

Notes Funding/declarations of interest: not reported

Study dates: not reported

Note:

« wedid notinclude outcome data in analysis for bradycardia because we could not be certain whether
data were measured in each group; study authors reported 1 participant had bradycardia in the inter-
vention group

« we did not include outcome data in analysis for length of hospital stay because data were not suffi-
ciently reported. Study reported an 'average hospital stay' of 10 days in each group

« we did not include 'runs of ventricular tachycardia' in analysis of ventricular arrhythmias because
these were not sustained

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  High risk Quote: "Blocked randomization in a prospective open manner"

tion (selection bias)

Allocation concealment High risk Blocked randomization in an unblinded trial

(selection bias)

Blinding of participants High risk Open-label trial

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- High risk Open-label trial

sessors (detection bias)

All outcomes

Incomplete outcome data  Low risk No apparent losses

(attrition bias)

All outcomes

Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-
porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias
Other bias High risk Quote: "In patients with sustained SVT, trial medication was stopped and pa-

tients were treated according to the physician in charge by amiodarone or dig-
italization, or both, beta-blockers, sotalol, or an increased dose of sotalol"

Comment: in the control group, 15 participants were treated with beta-block-
ers as rescue therapy for different reasons. This could influence outcome data

Forlani 2002

Methods

RCT, parallel design

Participants

Total number of randomized participants: 102

Inclusion criteria: first-time isolated CABG with cardiopulmonary bypass
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Forlani 2002 (continued)

Exclusion criteria: preoperative ejection fraction < 0.40, sick sinus syndrome and atrioventricular node
disease, a corrected QT interval > 440 ms, preoperative use of antiarrhythmic drugs (except beta-block-
ers), history of supraventricular arrhythmias, severe COPD, serum creatinine levels > 2.0 mg/dL

Type of surgery: elective CABG
Baseline characteristics
Intervention group (sotalol)

« Age, mean (SD): 64 (+ 10) years

« Gender, M/F:42/9

« History of MI, %: 51

« History of hypertension, %: 72

« Ejection fraction, mean (SD), %: 54.7 (+ 9.5)
« History of COPD, %: 13

« Preoperative use of beta-blockers, %: 45

Control group (standard care)

« Age, mean (SD): 64 (9) years

« Gender,M/F: 44/6

« History of Ml, %: 65

« History of hypertension, %: 62

« Ejection fraction, mean (SD), %: 54.6 (+ 9.5)
« History of COPD, %: 17

« Preoperative use of beta-blockers, %: 38

Country: USA

Setting: single centre; hospital

Interventions Intervention group (sotalol)

« Randomized, n =52; losses = 1 (due to prolonged QTc); analysed, n =51 (ITT analysis not used)

« Details: 80 mg sotalol was started orally on the morning of the 1st postoperative day and then was
continued for 4 weeks (dose reduction to 40 mg after 5 days of initial treatment)

Control group (standard care)

« Randomized, n =50; losses = 0; analysed, n =50
« Details: participants received no antiarrhythmic medication

Outcomes Outcomes measured/reported by study authors: AF, length of hospital stay, Ml, all-cause mortality;
haemodynamic variables; QTc values; calcium and potassium serum levels

Outcomes relevant to the review: AF, length of hospital stay, MI, all-cause mortality

Notes Funding/declarations of interest: not reported
Study dates: January 2001-July 2001
Note:

« study included additional intervention groups (magnesium; and sotalol + magnesium) which we did
not include in the review

Risk of bias
Bias Authors' judgement  Support for judgement
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Forlani 2002 (continued)

Random sequence genera-

tion (selection bias)

Low risk Computer-generated randomization

Allocation concealment
(selection bias)

Low risk See above

Blinding of participants
and personnel (perfor-
mance bias)

All outcomes

High risk Open-label trial

Blinding of outcome as-
sessors (detection bias)
All outcomes

High risk Open-label trial

Incomplete outcome data
(attrition bias)
All outcomes

Low risk No apparent losses

Selective reporting (re-
porting bias)

Unclear risk Study authors did not report prospective clinical trial registration or publica-
tion of a protocol. It was not feasible to effectively assess risk of reporting bias

Other bias Low risk More than 2 intervention groups
Gandhi 2007
Methods RCT, parallel design

Participants

Total number of randomized participants: 141

Inclusion criteria: scheduled for CABG surgery; ischaemic left ventricular systolic dysfunction (ejection

fraction = 30% as depicted by 2D echocardiography)

Exclusion criteria: > 70 years of age; previous or recent history of 2nd- or 3rd-degree atrioventricular
block; renal failure; hepatic dysfunction; cerebrovascular events; previous history of revascularization

or valve replacement surgery
Type of surgery: elective CABG surgery
Intervention group (carvedilol)

« Age, mean (SD): 59.14 (+ 1.12) years
« Gender, M/F:66/1
« History of MI, n: 41

Control group (standard care)

« Age, mean (SD): 56.96 (+ 1.09) years
« Gender, M/F: 68/6
« History of MI, n: 42

Country: India

Setting: multi-centre; 2 hospitals

Interventions

Intervention group (carvedilol)

« Randomized, n =67; losses = 0; analysed, n = 67 (use of ITT analysis not reported)
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Gandhi 2007 (continued)

« Details: following surgery, with dose of carvedilol titrated according to HR up to 25 mg per day. Dis-
continuation time point was not reported

Control group (standard care)

« Randomized, n = 74; losses = 0; analysed, n = 74 (use of ITT analysis not reported)
« Details: participants did not receive any beta-blockers after surgery

Outcomes Outcomes measured/reported by study authors: haemodynamic parameters; changes in left ventric-
ular ejection fraction; changes to NYHA class; mortality (at 6 months)
Outcomes relevant to the review: mortality (at 6 months)
Notes Funding/declarations of interest: not reported
Study dates: not reported
Note:
« all participants in both groups received ACE inhibitor
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Not specified
tion (selection bias)
Allocation concealment Unclear risk Not specified
(selection bias)
Blinding of participants High risk Open-label study
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- High risk Open-label study
sessors (detection bias)
All outcomes
Incomplete outcome data  Low risk No apparent losses
(attrition bias)
All outcomes
Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-
porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias
Other bias Low risk Not detected
Girard 1986
Methods RCT, parallel design

Participants

Total number of randomized participants: 17

Inclusion criteria: scheduled for myocardial revascularization
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Girard 1986 (Continued)

Exclusion criteria: severe congestive heart failure; valvular heart disease; Ml within 1 month of
surgery; not in sinus rhythm

Type of surgery: elective myocardial revascularization
Baseline characteristics
Intervention group (esmolol)

« Age, mean (SD): 62 (+9) years

« Gender, M/F: 8/1

 History of Ml, n: 4

« History of hypertension, n: 2

« Ejection fraction, mean (SD), %: 65 (+ 14)
« Preoperative use of beta-blockers, n: 4

Control group (placebo)

« Age, mean (SD): 59 (x 5) years

« Gender, M/F:4/4

« History of MI, n: 5

« History of hypertension, n: 5

« Ejection fraction, mean (SD), %: 61 (+ 23)
« Preoperative use of beta-blockers, n: 5

Country: USA

Setting: single-centre; hospital

Interventions Intervention group (esmolol)

« Randomized, n =9; losses = 0; analysed, n =9 (use of ITT analysis was not reported)

« Details: esmolol hydrochloride 10 mL diluted in 5% dextrose to concentration of 10 pg/mL, infused
afterintubation, stepwise manner to achieve 100, 200, and 300 pg/kg/min, with loading dose for each
of 500 pg/kg/min

Control group (placebo)

« Randomized, n = 8; losses = 0; analysed, n = 8 (use of ITT analysis was not reported)
« Details: dextrose 5% given same as the intervention group

Outcomes Outcomes measured/reported by study authors: haemodynamic parameters, discontinuation of
study drug (due to bradycardia with HR <50 bpm)

Outcomes relevant to the review: bradycardia (see notes below)

Notes Funding/declarations of interest: supported by a grant from American Critical Care
Study dates: not reported
Note:

« this study had two phases with separate participant groups and outcome data. This study is Phase I.
We did not include Phase Il in the review because this study reported no outcomes that were relevant
to the review

« study authors stated "In three patients the infusion was stopped before the end of the infusion period
because their Cl [cardiac index] and HR fell below predetermined values of 2.1 min/m? and 50 bpm,
respectively. Two of these patients were in the placebo group; the third patient was at the end of the
200 pg/kg/min esmolol infusion". We did not include these participants in analysis of bradycardia
because we could not be certain to which participants the bradycardia data belonged.
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Girard 1986 (Continued)

Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Unclear risk Not specified

tion (selection bias)

Allocation concealment Unclear risk Not specified
(selection bias)

Blinding of participants Low risk Blinded solutions were provided by hospital pharmacy
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Not specified
sessors (detection bias)

All outcomes

Incomplete outcome data  Low risk No apparent losses

(attrition bias)
All outcomes

Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-
porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias
Other bias Low risk Not detected

Gomes 1999
Methods RCT, parallel design
Participants Total number of randomized participants: 85

Inclusion criteria: scheduled for elective CABG with or without valve replacement

Exclusion criteria: emergent open heart surgery, prior history of AF of atrial flutter, left ventricular
ejection fraction < 28% or clinically active congestive heart failure, 1st-degree or higher degrees of atri-
oventricular block, QTc > 450 ms, impaired renal function, COPD, current use of anti-arrhythmic drugs

Type of surgery: elective CABG + valve replacement
Baseline characteristics
Intervention group (sotalol)

« Age, mean (SD): 61 (+ 10) years

« Gender,M/F:27/13

« Ejection fraction, mean (SD), %: 50 (+ 9)
« Preoperative use of beta-blockers, n: 8

Control group (placebo)

« Age, mean (SD): 69 (+ 10) years

« Gender, M/F: 28/17

« Ejection fraction, mean (SD), %: 48 (+ 9)
« Preoperative use of beta-blockers, n: 21
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Gomes 1999 (Continued)

Country: USA

Setting: multi-centre; 2 hospitals

Interventions

Intervention group (sotalol)

« Randomized, n = 40; losses = 0; analysed, n = 40 (use of ITT analysis not reported)

« Details: 24-48 h before surgery, continuing for up to 4 days postoperatively. 80 mg twice a day, ad-
vanced to 120 mg if there was no bradycardia

Control group (placebo)

« Randomized, n =45; losses = 0; analysed, n =45
+ Details: given same as in intervention group

Outcomes

Outcomes measured/reported by study authors: AF, mortality, adverse events (to include bradycar-
dia, hypotension, ventricular tachycardia), length of hospital stay. Follow-up until hospital discharge

Outcomes relevant to the review: AF, mortality, length of hospital stay, bradycardia (not defined), hy-
potension (not defined), ventricular tachycardia (see notes below)

Notes

Funding/declarations of interest: supported by Electrophysiology Section Research Funds
Study dates: February 1997-August 1997
Note:

« we did not include data for ventricular tachycardia in meta-analysis because we could not be certain
whether this outcome was measured in the control group. Study authors reported that no participants
in the sotalol group had ventricular tachycardia

Risk of bias

Bias

Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Not specified

tion (selection bias)

Allocation concealment Unclear risk Not specified

(selection bias)

Blinding of participants Low risk Randomized, placebo-controlled, double-blind trial. Pharmacy at each institu-

and personnel (perfor- tion dispensed medication and placebo pills for all participants

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Not specified

sessors (detection bias)

All outcomes

Incomplete outcome data  Low risk No apparent losses

(attrition bias)

All outcomes

Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-

porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias

Other bias High risk Significantly more participants from the control group than from the treat-
ment group were receiving long-term beta-blocker treatment before they en-
tered the study
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Graham 1996

Methods

RCT, parallel design

Participants

Total number of randomized participants: 320
Inclusion criteria: participants undergoing isolated CABG
Exclusion criteria: no details

Type of surgery: elective CABG

Baseline characteristics not reported in abstract
Country: USA

Setting: unknown if single- or multi-centre study; hospital

Interventions

Intervention group (metoprolol 25 mg)

« Randomized, n =103; losses = 0; analysed, n = 103 (use of ITT analysis not reported)
« Details: 25 mg metoprolol on admission to ICU after surgery. No additional details

Intervention group (metoprolol 50 mg)

« Randomized, n=110; losses = 0; analysed, n =110
« Details: 50 mg metoprolol on admission to ICU after surgery. No additional details

Control group (placebo)

» Randomized, n =107; losses = 0; analysed, n = 107
« Details: same as intervention groups

Outcomes Outcomes measured/reported by study authors: AF
Outcomes relevant to the review: AF
Notes Funding/declarations of interest: not reported
Study dates: not reported
Notes:
« study report is an abstract. Data are limited within the abstract. We attempted to contact the study
authors by email to request additional information or for a full-text publication; this was unsuccessful
« we combined both metoprolol groups in analysis
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Not specified
tion (selection bias)
Allocation concealment Unclear risk Not specified
(selection bias)
Blinding of participants Unclear risk Not specified
and personnel (perfor-
mance bias)
All outcomes
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Graham 1996 (continued)

Blinding of outcome as-
sessors (detection bias)
All outcomes

Unclear risk Not specified

Incomplete outcome data  Low risk No apparent losses

(attrition bias)

All outcomes

Selective reporting (re- High risk We noted that study authors appeared to only report statistically significant

porting bias)

results in the abstract

Other bias

Unclear risk Limited data in abstract and it is not feasible to assess risk of other bias

Hammon 1984

Methods

RCT, parallel design

Participants

Total number of randomized participants: 50
Inclusion criteria: scheduled for CABG, with stable angina pectoris

Exclusion criteria: congestive heart failure, history of bronchospasm, previous sensitivity to propra-
nolol

Type of surgery: elective CABG
Baseline characteristics not reported
Country: USA

Setting: single centre; hospital

Interventions

Intervention group (propranolol)

« Randomized, n = 24; losses = 0; analysed, n = 24 (use of ITT analysis not reported)

« Details: weaned from any previous propranolol use during 24-48 h. Then on arrival at the ICU, 60 mg
propranolol every 6 h via nasogastric tube until participant could take drug orally. Continued for 1
month

Control group (placebo)

» Randomized, n = 26; losses = 0; analysed, n = 26
« Details: placebo agent, given same as intervention group

Outcomes Outcomes measured/reported by study authors: haemodynamic parameters, atrial and ventricular
arrhythmias, death, MI, bradycardia (HR <60 bpm)
Outcomes relevant to the review: ventricular arrhythmias, death, Ml, bradycardia

Notes Funding/declarations of interest: study drug provided by pharmaceutical company (Ayerst Laborato-
ries)
Study dates: not reported

Risk of bias

Bias Authors' judgement  Support for judgement
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Hammon 1984 (Continued)

Random sequence genera-  Low risk Random number table
tion (selection bias)

Allocation concealment Unclear risk Not specified
(selection bias)

Blinding of participants Low risk Randomized, placebo-controlled, double-blind trial
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Not specified
sessors (detection bias)
All outcomes

Incomplete outcome data  Low risk No apparent losses
(attrition bias)
All outcomes

Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-
porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias
Other bias High risk Study authors do not report baseline characteristics and we could not be cer-

tain whether these characteristics were balanced between groups. In addition,
we noted that antiarrhythmic therapy, which included propranolol, was given
to 11 participants in the control group and 5 participants in the intervention
group. This may have influenced outcome data

Harrison 1987

Methods RCT, parallel design

Participants Total number of randomized participants: 30
Inclusion criteria: elective myocardial revascularization

Exclusion criteria: pregnancy; AF or atrial flutter; atrioventricular conduction block > 1st degree; con-
ditions that preclude beta-adrenergic blocker treatment; Ml within previous 3 months; severe hepatic
or renal disease; SBP < 100 mmHg or cardiogenic shock; severe electrolyte imbalance; adrenergic aug-
menting drugs; long-term beta-adrenergic blocking drugs; calcium channel blocking agents

Type of surgery: elective CABG
Baseline characteristics
Intervention group (esmolol)

« Age, mean (SD): 56.7 (+ 2.06) years
« Gender, M/F:13/2
« NYHAIII/IV: 15/0

Control group (placebo)

« Age, mean (SD): 56.0 (+ 2.16) years
« Gender, M/F: 14/1
« NYHAIII/IV: 14/1

Country: USA
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Harrison 1987 (Continued)

Setting: single centre; hospital

Interventions

Intervention group (esmolol)

« Randomized, n = 15; losses = 0; analysed, n = 15 (use of ITT analysis not reported)

« Details: infusion of esmolol, diluted in a 1:25 solution with 5% dextrose, given IV before induction of
anaesthesia, loading dose of 500 pg/kg/min for 4 min, followed by maintenance infusion of 300 pg/
kg/min, continued until start of bypass

Control group (placebo)

« Randomized, n = 15; losses = 0; analysed, n = 15
« Details: infusion of 5% dextrose, given same as intervention group

Outcomes Outcomes measured/reported by study authors: haemodynamic parameters, intraoperative my-
ocardial ischaemia, intraoperative ventricular arrhythmias
Outcomes relevant to the review: intraoperative ventricular arrhythmias
Notes Funding/declarations of interest: supported by a grant from American Critical Care
Study dates: not reported
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Not specified
tion (selection bias)
Allocation concealment Unclear risk Not specified
(selection bias)
Blinding of participants Low risk Randomized, placebo-controlled, double-blind trial
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Low risk Quote: "The ST trends and ECG strips were evaluated for myocardial ischaemia
sessors (detection bias) independently by a cardiologist who had no knowledge of the patient's treat-
All outcomes ment group"
Incomplete outcome data  Low risk No apparent losses
(attrition bias)
All outcomes
Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-
porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias
Other bias Low risk Not detected
Ivey 1983
Methods RCT, parallel design

Participants

Total number of randomized participants: 116
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Ivey 1983 (Continued)

Inclusion criteria: scheduled for CABG surgery, receiving = 80 mg of propranolol daily for treatment of
angina

Exclusion criteria: previously received digoxin, quinidine, or procainamide; ejection fraction of at least
0.4; no preoperative history of SVT

Type of surgery: CABG

Baseline characteristics
Intervention group (propranolol)

« Age, mean (SD): 54.4 (£ 9.7) years
Control group (placebo)

« Age, mean (SD): 59.1 (+ 10) years
Country: USA

Setting: single centre; hospital

Interventions

Intervention group (propranolol)

» Randomized, n = unclear; losses = unclear; analysed, n = 53 (ITT analysis not used)

« Details: 20 mg propranolol every 6 h, orally, beginning 24 h postoperatively. Discontinued on postop-
erative day 5

Control group (placebo)

« Randomized, n = unclear; losses = unclear; analysed, n = 56 (ITT analysis not used
« Details: placebo, same as intervention group

Outcomes Outcomes measured/reported by study authors: SVT, mortality
Outcomes relevant to the review: mortality
Notes Funding/declarations of interest: plasma assays performed by pharmaceutical company
Study dates: not reported
Note:
« study authors report that 116 participants consented to study treatment. Number of randomized par-
ticipants by group is not reported, with 7 participants overall excluded from analysis
Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Unclear risk Not specified
tion (selection bias)
Allocation concealment Low risk Quote: "Randomization was performed by the hospital pharmacy in a dou-
(selection bias) ble-blind manner."
Blinding of participants Low risk Randomized, placebo-controlled, double-blind trial. Control group partici-
and personnel (perfor- pants "received an exact propranolol placebo on an identical schedule"
mance bias)
All outcomes
Blinding of outcome as- Unclear risk Not specified
sessors (detection bias)
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Ivey 1983 (Continued)
All outcomes

Incomplete outcome data  Low risk Loss of 7 participants after consent; study authors do not report to which
(attrition bias) group these participants belonged and we could not re-include data in analy-
All outcomes sis. Reasons for losses include potential outcome data (postoperative brady-

cardia and hypotension)

Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-
porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias
Other bias Low risk Not detected

Jacquet 1994
Methods RCT, parallel design
Participants Total number of randomized participants: 42

Inclusion criteria: scheduled for CABG surgery without a concomitant procedure, in sinus rhythm, pre-
operative left ventricular ejection fraction of > 35%, no contraindication to use of beta-blockers, HR
>50 bpm, SBP > 100 mmHg, cardiac index > 2.8 L/min/m?, pulmonary capillary wedge pressure < 15
mmHg without inotropic support

Exclusion criteria: history of recurrent SVA, atrioventricular conduction disturbances, prolonged QT
interval, chronic obstructive airway diseases treated with aerosolized beta-sympathomimetic drugs,
significant renal or hepatic dysfunction

Type of surgery: elective CABG
Baseline characteristics
Intervention group (sotalol)

« Age, mean (SD): 59.3 (£ 9.2) years

« Gender,M/F:21/4

« History of MI, n: 9

« Ejection fraction, mean (SD), %: 56 (+ 11.5)
« Preoperative use of beta-blockers, n: 16

Control group (standard care)

« Age, mean (SD): 61.7 (x 6) years

« Gender, M/F: 16/1

+ History of MI, n: 9

 Ejection fraction, mean (SD), %: 60.3 (+ 13.7)
« Preoperative use of beta-blockers, n: 9

Country: Belgium

Setting: single centre; hospital

Interventions Intervention group (sotalol)

« Randomized, n = 25; losses = 6 (for bradycardia and hypotension); analysed, n = 25 (data available for
bradycardia, hypotension, and length of stay), n =19 (data for arrhythmias) (ITT analysis not used, but
we were able to re-include data for relevant outcomes)
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Jacquet 1994 (Continued)

« Details: 6 h postoperatively in the ICU, loading infusion of 1 mg/kg sotalol over 2 h, followed mainte-
nance dose IV 0.15 mg/kg/h for 24 h. Then 80 mg orally every 12 h or 8 h according to HR and overall
condition for following 3 months

Control group (standard care)

« Randomized, n = 17; losses = 0; analysed, n = 17
« Details: no anti-arrhythmic treatment

Outcomes Outcomes measured/reported by study authors: haemodynamic parameters, supraventricular ar-
rhythmias, length of hospital stay, perioperative MI, discontinuation of intervention due to hypotension

(SBP <90 mmHg) and bradycardia (HR <50 bpm)

Outcomes relevant to the review: length of hospital stay, perioperative MI, hypotension (see notes

below), bradycardia (see notes below)

Notes Funding/declarations of interest: not reported

Study dates: not reported

Note:

« we did not include data for bradycardia and hypotension in analysis, because we could not be cer-
tain whether any events occurred in the control group. In the intervention group, 3 participants had
bradycardia, and 3 had hypotension

« Early stopping: "Because of the large number of drop-outs with this treatment it was decided to end
the study after 6 months even though there was a trend towards better results with sotalol than with-
out"

Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Not specified
tion (selection bias)
Allocation concealment Unclear risk Not specified
(selection bias)
Blinding of participants High risk Open-label trial
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- High risk Open-label trial
sessors (detection bias)
All outcomes
Incomplete outcome data  High risk Withdrawal of treatment in 6 participants in the treatment group (because of
(attrition bias) bradycardia and hypotension). Analysis of arrhythmias did not included these
All outcomes participants. Loss is < 10%, but is imbalanced between groups
Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-
porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias
Other bias Unclear risk We noted more participants in the intervention group were taking beta-block-
ers preoperatively
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Janssen 1986

Methods

RCT, parallel design

Participants

Total number of randomized participants: 151
Inclusion criteria: scheduled for CABG surgery, with left ventricular ejection fraction at least 30%

Exclusion criteria: preoperative M, inotropic support with dopamine, postoperative death, severe si-
nus bradycardia, inappropriate data (no additional details)

Type of surgery: elective CABG
Baseline characteristics
Intervention group (sotalol)

« Age, mean (range): 58 (31-74) years
« Gender, M/F:34/7
+ History of MI, n: 11

Intervention group (metoprolol)

« Age, mean (range): 57.5 (37-68) years
« Gender,M/F:31/8
« History of MI, n: 16

Control group (standard care)

« Age, mean (range): 59.6 (39-72) years
« Gender, M/F:40/10
« History of MI, n: 19

Country: Netherlands

Setting: single centre; hospital

Interventions

Intervention group (sotalol)

« Randomized, n = unclear; losses = unclear; analysed, n =41 (ITT analysis not used)

« Details: 1 h after surgery 0.3 mg/kg sotalol, IV. At 24 h postoperatively, 3 X 80 mg sotalol orally, daily,
until hospital discharge

Intervention group (metoprolol)

« Randomized, n = unclear; losses = unclear; analysed, n = 39

« Details: 1 h after surgery 0.1 mg/kg metoprolol, IV. At 24 h postoperatively, 3X 50 mg metoprolol orally,
daily, until hospital discharge

Control group (standard care)

« Randomized, n = unclear; losses = unclear; analysed, n =50
« Details: received no prophylactic therapy

Outcomes Outcomes measured/reported by study authors: supraventricular tachycardias, atrial fibrillation
Outcomes relevant to the review: AF, mortality
Notes Funding/declarations of interest: not reported
Study dates: October 1983-January 1984
« we could not be certain of the number of participants randomized to each group
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Janssen 1986 (Continued)

« we combined data for the sotalol and the metoprolol groups

Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Not specified

tion (selection bias)

Allocation concealment Unclear risk Use of sealed envelopes; no additional details
(selection bias)

Blinding of participants High risk Open-label trial
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- High risk Open-label trial
sessors (detection bias)
All outcomes

Incomplete outcome data  High risk 21 participants excluded from analysis (2 MI, 12 inotropic support after CABG,
(attrition bias) 1 death, 1 bradycardia, 5 inappropriate data). It is not clear to which group
All outcomes these participants belonged

Selective reporting (re- High risk We noted that study authors appeared to only report statistically significant
porting bias) results

Other bias High risk All participants were given beta-blockers, if required, to treat supraventricu-

lar tachycardia. In the control group, 10 participants were given sotalol, and 4
participants were given metoprolol. This may influence outcome data for mor-

tality
Khuri 1987
Methods RCT, parallel design
Participants Total number of randomized participants: 148
Inclusion criteria: scheduled for CABG surgery
Exclusion criteria: COPD, bronchial asthma or severe lower extremity claudication; significant Gl dis-
ease, insulin-dependent diabetes mellitus, renal failure, hyperthyroidism, conditions leading to non-
compliance, sinus bradycardia, heart block > 1st degree, sick sinus syndrome, congestive heart failure,
inotropic support, therapeutic IAB counterpulsation
Type of surgery: elective CABG
Baseline characteristics
Intervention group (nadolol)
« Age, mean (SD): 60.4 (+ 0.8) years
« History of MI, n: 22
« Preoperative use of beta-blockers, n: 58
Control group (placebo)
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Khuri 1987 (continued)

« Age, mean (SD): 59.5 (+ 1.0)
« History of MI, n: 28
« Preoperative use of beta-blockers, n: 69

Country: USA

Setting: multi-centre; 2 hospitals

Interventions Intervention group (nadolol)

« Randomized, n = unclear; losses = unclear; analysed, n = 67 (ITT analysis not used)

« Details: on 1st postoperative day, 40 mg nadolol, initially given using nasogastric tube and then orally
when possible. Continued for 6 weeks

Control group (placebo)

« Randomized, n = unclear; losses = unclear; analysed, n = 74
+ Details: same as intervention group

Outcomes Outcomes measured/reported by study authors: haemodynamic variables, postoperative arrhyth-
mias, hypotension (leading to discontinuation of study medication), Mi

Outcomes relevant to the review: hypotension, Ml

Notes Funding/declarations of interest: grant from ER Squibb and Sons Inc., and the Richard Warren Surgi-
cal Research and Educational Fund

Study dates: not reported

Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Unclear risk Not specified

tion (selection bias)

Allocation concealment Unclear risk Not specified
(selection bias)

Blinding of participants Low risk Randomized, placebo-controlled, double-blind trial

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Low risk Outcome assessor blinded ("analyzed by an independent observer")

sessors (detection bias)
All outcomes

Incomplete outcome data  High risk 7 participants were excluded from analysis because of "insufficient postop-
(attrition bias) erative data". It is not clear to which groups these participants belonged and
All outcomes whether losses were balanced between groups
Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-
porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias
Other bias Low risk Not detected
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Kurian 2001

Methods

RCT, parallel design

Participants

Total number of randomized participants: 72
Inclusion criteria: scheduled for coronary artery surgery

Exclusion criteria: conditions that would make ST segment monitoring unreliable (digoxin therapy,
left ventricular hypertrophy, left bundle branch block, presence of a pacemaker), contraindications to
beta-adrenoceptor blocker, asthma, intolerance to beta-adrenergic blockade, 1st-degree heart block,
beta-adrenergic agonist infusion at start of study, preoperative serum creatinine > 120 umol/L

Type of surgery: elective CABG
Baseline characteristics
Intervention group (esmolol)

« Age, mean (SD): 60.2 (+ 6.69) years
« Gender, M/F:25/6

Control group (standard care)

« Age, mean (SD): 61.1 (+ 7.47)
« Gender,M/F:33/4

Country: UK

Setting: single centre; hospital

Interventions

Intervention group (esmolol)

» Randomized, n=34;losses=3 (1 duetotechnicalfaultsin recording equipment; 2 due to hypotension);
analysed, n =31 (ITT analysis not used)

« Details: treatment was started 120 min before extubation and was continued until 180 min after ex-
tubation; loading dose of 500 pg/kg/min for 1 min at discretion of clinician at beginning or to gain or
regain control or HR. IV esmolol given at a dose to maintain HR in range of 55-75 bpm

Control group (standard care)

« Randomized, n =38; losses = 1 (due to technical faults in recording equipment); analysed, n =37
« Details: standard care

Outcomes Outcomes measured/reported by study authors: haemodynamic variables, discontinuation of treat-
ment due to hypotension (not defined), perioperative myocardial ischaemia (120 min before until 180
min after tracheal extubation)

Outcomes relevant to the review: hypotension (see notes below)

Notes Funding/declarations of interest: not reported
Study dates: not reported
Notes:

« we noted that 2 participants in the intervention group had hypotension. We did not include these in
analysis because it was not certain whether events were measured in the control group
« early termination of trial due to many adverse events and problems in participant recruitment
Risk of bias
Bias Authors' judgement  Support for judgement
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Kurian 2001 (continued)

Random sequence genera-  Unclear risk Not specified
tion (selection bias)

Allocation concealment Low risk Numbered, sealed envelopes, provided by hospital pharmacy
(selection bias)

Blinding of participants High risk Open-label trial
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- High risk Open-label trial
sessors (detection bias)
All outcomes

Incomplete outcome data  Low risk 4 participants were withdrawn (2 because of hypotension in the esmolol
(attrition bias) group, 1 in the esmolol group and 1 in the control group because of insuffi-
All outcomes cient monitoring). Clearly reported, < 10% loss
Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-
porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias
Other bias Low risk Not detected

Lamb 1988
Methods RCT, parallel design
Participants Total number of randomized participants: 60

Inclusion criteria: scheduled for CABG surgery

Exclusion criteria: history of arrhythmia, asthma, peripheral vascular disease, congestive cardiac fail-
ure, left ventricular ejection fraction <0.4

Type of surgery: elective CABG
Baseline characteristics
Intervention group (atenolol)

« Age, mean (SD): 52.7 (+ 7.8) years

« Gender, M/F:27/3

« NYHA score, mean (SD): 2.8 (+ 0.8)

« History of MI, n: 18

« Preoperative use of beta-blockers, n: 16

Control group (standard care)

« Age, mean (SD): 57.1 (+ 7.3) years

« Gender, M/F: 25/5

« NYHA score, mean (SD): 3.0 (+ 0.9)

« History of MI, n: 19

« Preoperative use of beta-blockers, n: 14

Country: UK
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Lamb 1988 (continued)

Setting: single centre; hospital

Interventions

Intervention group (atenolol)

« Randomized, n =30; losses = 0; analysed, n =30 (use of ITT analysis not reported)
« Details: atenolol 50 mg, orally, daily treatment was started 72 h before surgery and was continued for

7 days

Control group (standard care)

« Randomized, n =30; losses = 0; analysed, n =30
« Details: standard care, no additional treatment

Outcomes Outcomes measured/reported by study authors: supraventricular arrhythmias; AF
Outcomes relevant to the review: AF

Notes Funding/declarations of interest: not reported
Study dates: not reported

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Not specified

tion (selection bias)

Allocation concealment Unclear risk Not specified

(selection bias)

Blinding of participants High risk Open-label trial

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- High risk Open-label trial

sessors (detection bias)

All outcomes

Incomplete outcome data  Low risk No apparent losses

(attrition bias)

All outcomes

Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-

porting bias)

tion of a protocol. It was not feasible to effectively assess risk of reporting bias

Other bias Low risk Not detected
Liu 2016
Methods RCT, parallel design

Participants

Total number of randomized participants: 24
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Liu 2016 (continued)

Inclusion criteria: 40-80 years of age; undergoing elective primary cardiac surgery; NYHA class Il or Ill;
no evidence of myocardial ischaemia or elevated serum levels of myocardial markers within 24 h prior
to surgery

Exclusion criteria: diagnosis of acute Ml within the last 4 weeks; activated phase of rheumatic dis-
eases; left ventricular ejection fraction < 40%; intracardiac shunt; haematocrit < 30%; severe systemic
diseases (including pulmonary diseases, hepatic, renal, musculoskeletal diseases orimmune systemill-
nesses; receiving oral hypoglycaemic agents or theophyllines

Type of surgery: cardiac surgery (CABG or valve replacement)
Baseline characteristics
Intervention group (esmolol)

« Age, mean (SD): 58.9 (+9.8) years

« Gender, M/F: 8/4

« NYHACclass llI/111: 4/8

« History of hypertension, n: 8

« Ejection fraction, mean (SD), %: 52.7 (+ 6)
« Preoperative use of beta-blockers, n: 1

Control group (saline)

« Age,mean (SD): 62.1 (£ 7.1) years

« Gender, M/F:6/6

« NYHACclass Il/1: 4/8

« History of hypertension, n: 8

« Ejection fraction, mean (SD), %: 55.8 (+ 3.2)
« Preoperative use of beta-blockers, n: 0

Country: China

Setting: single centre; hospital

Interventions Intervention group (esmolol)

« Randomized, n = 12; losses = 0; analysed, n = 12
« Details: 70 ug/kg/min during surgery until end of cardiopulmonary bypass, doses titrated to maintain
HR within 80% of baseline level

Control group (saline)

« Randomized, n =12; losses = 0; analysed, n =12
« Details: equal volumes of normal saline, given same as the intervention group

Outcomes Outcomes measured/reported by study authors: changes in serum markers for myocardial injury;
haemodynamic parameters; use of vasoactive treatment; adverse events (neurological complications;
pulmonary infection; incision infection; pericardial tamponade; open-chest haemostasis; death); AF;
length of stay in the ICU

Outcomes relevant to the review: mortality (during ICU stay); AF

Notes Funding/declarations of interest: not reported

Study dates: not reported

Risk of bias
Bias Authors' judgement  Support for judgement
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Liu 2016 (continued)

Random sequence genera-  Low risk Use of computer-generated randomization
tion (selection bias)

Allocation concealment Low risk See above
(selection bias)

Blinding of participants Unclear risk Control group is not described as using a placebo. It is unclear whether anaes-
and personnel (perfor- thetists were blinded to study treatments
mance bias)

All outcomes

Blinding of outcome as- Unclear risk Not specified
sessors (detection bias)
All outcomes

Incomplete outcome data  Low risk No apparent losses
(attrition bias)
All outcomes

Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-
porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias
Other bias Low risk Not detected

Martinussen 1988

Methods RCT, parallel design

Participants Total number of randomized participants: 108

Inclusion criteria: undergoing CABG surgery, normotensive, in sinus rhythm, no history of SVT or atri-
oventricular nodal block

Exclusion criteria: congestive heart failure despite medical treatment, obstructive lung disease, un-
dergoing concomitant valve surgery, anti-arrhythmic surgery, aneurysmectomy

Type of surgery: elective CABG
Baseline characteristics
Intervention group (propranolol)

« Age, mean (SD): 57 (+.1.1) years

« Gender,M/F:42/10

« History of MI, mean (SD) per participant: 0.8 (+ 0.1)
« Ejection fraction, mean (SD), %: 68.4 (+ 1.9)

« Preoperative use of beta-blockers, %: 50

Control group (placebo)

« Age, mean (SD): 54 (+ 0.9)

« Gender, M/F:47/9

« History of MI, mean (SD) per participant: 0.9 (0.1)
 Ejection fraction, mean (SD), %: 63.0 (+ 2.0)

« Preoperative use of beta-blockers, %: 57

Country: Denmark
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Martinussen 1988 (Continued)

Setting: single centre; hospital

Interventions

Intervention group (propranolol)

« Randomized, n = 52; losses = 17 (reasons for losses were due to inability to secure nasogastric tube,
and causes leading to discontinuation of treatment); analysed, n =35 (ITT analysis not used)

« Details: 10 mg propanolol, via nasogastric tube and then orally, 4 times a day, until end of postoper-
ative day 4

Control group (placebo)

« Randomized, n = 56; losses = 16 (reasons for losses were due to inability to secure nasogastric tube,
and causes leading to discontinuation of treatment); analysed, n = 40

 Details: same as the intervention group

Outcomes Outcomes measured/reported by study authors: supraventricular tachyarrhythmias (AF), MI, mortal-
ity
Outcomes relevant to the review: MI, mortality
Notes Funding/declarations of interest: not reported
Study dates: not reported
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Not specified
tion (selection bias)
Allocation concealment Unclear risk Not specified
(selection bias)
Blinding of participants Low risk Randomized, placebo-controlled, double-blind trial
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Unclear risk Not specified
sessors (detection bias)
All outcomes
Incomplete outcome data  High risk 33 participants already randomly assigned were excluded from analysis (in 14
(attrition bias) participants, a nasogastric tube for drug administration could not be placed,
All outcomes 19 participants developed disorders as specified in the discontinuation crite-
ria); originally 108 participants were randomly assigned
Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-
porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias
Other bias Low risk Not detected
Matangi 1985
Methods RCT, parallel design
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Matangi 1985 (Continued)

Participants

Total number of randomized participants: 168
Inclusion criteria: scheduled for CABG surgery, preoperative use of beta-blockers

Exclusion criteria: ejection fraction 35% or less, no preoperative use of beta-blockers, SVT, postop-
erative inotropic support, congestive heart failure, postoperative heart block, involvement in another
study where propranolol was contraindicated, sick sinus syndrome, known reaction to propranolol

Type of surgery: elective CABG
Baseline characteristics
Intervention group (propranolol)

« Age, mean (SD): 54.6 (+9.3) years

« Gender,M/F:67/15

« Angina class I/II/II/IV/V: 1/7/37/34/3
 History of MI, n: 41

« History of hypertension, n: 41

Control group (standard care)

« Age, mean (SD): 55.7 (+ 9.9) years

« Gender, M/F:63/19

« Angina class I/1I/11I/IV/V: 2/6/38/33/3
« History of MI, n: 54

« History of hypertension, n: 44

Country: New Zealand

Setting: single centre; hospital

Interventions

Intervention group (propranolol)

« Randomized, n = 83; losses = 1 (owing to SVT); analysed, n = 82 (use of ITT analysis for some losses)

« Details: propranolol 5 mg every 6 h, initially via nasogastric tube and then orally, started postopera-
tively and continued until time of discharge

Control group (standard care)

« Randomized, n = 85; losses = 3 (owing to SVT); analysed, n = 82 (use of ITT analysis for some losses,
but not those relating to supraventricular arrhythmias)

« Details:standard care

Outcomes Outcomes measured/reported by study authors: supraventricular arrhythmias (AF and atrial tachy-
cardia), ventricular arrhythmias, ventricular premature beats, acute MI, mortality
Outcomes relevant to the review: AF, ventricular arrhythmias, MI, mortality

Notes Funding/declarations of interest: not reported
Study dates: not reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Unclear risk Not specified

tion (selection bias)
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Matangi 1985 (Continued)

Allocation concealment Unclear risk Use of sealed envelopes. Insufficient information
(selection bias)

Blinding of participants High risk Open-label trial
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- High risk Open-label trial
sessors (detection bias)
All outcomes

Incomplete outcome data  Low risk In 4 participants, beta-blocker therapy was discontinued because of side ef-
(attrition bias) fects (low cardiac output, bronchospasm, nightmares) but were analysed ac-
All outcomes cording to ITT. 4 participants were excluded owing to clinical events specified

in exclusion criteria; these participants were not included in analyses. Howev-
er, loss is <10%

Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-
porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias
Other bias Low risk Not detected

Matangi 1989

Methods RCT, parallel design

Participants Total number of randomized participants: 70
Inclusion criteria: scheduled for CABG surgery

Exclusion criteria: > 70 years of age, 2nd or subsequent CABG operation, clinically significant conges-
tive heart failure, preoperative ejection fraction < 30%, preoperative use of digitalis or other anti-ar-
rhythmic agent, preoperative hypotension, concomitant left ventricular aneurysm resection or valve
replacement, persistent bradycardia, 2nd- or 3rd-degree atrioventricular block, postoperative haemo-
dynamic complication requiring continued vasopressor support or intra-aortic balloon pump counter
pulsation, asthma or > moderate COPD, brittle type | diabetes mellitus, inability to discontinue calcium
channel blocking agents for 24 h preoperatively

Type of surgery: CABG
Baseline characteristics
Intervention group (atenolol)

« Age, mean (SD): 58.9 ( 8.1) years

« Gender, M/F: 28/7

« History of MI, n: 19

« History of hypertension, n: 16

« Ejection fraction, mean (SD), %: 64.6 (+ 9.2)
+ Preoperative use of beta-blockers, n: 27

Control group (placebo)

« Age, mean (SD): 59.4 (+ 8.6) years
« Gender,M/F:27/8
 History of MI, n: 17
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Matangi 1989 (Continued)

« History of hypertension, n: 15
 Ejection fraction, mean (SD), %: 64.5 (+ 8.8)
« Preoperative use of beta-blockers, n: 23

Country: Canada

Setting: single centre; hospital

Interventions

Intervention group (atenolol)

« Randomized, n = 35; losses = 0; analysed, n = 35 (use of ITT analysis)

« Details: 5 mgatenololin 10 mL normal saline diluted in 50 mL of 5% dextrose solution, given within 3
h of surgery, infused over 30 min, a 2nd infusion was given after 24 h, then atenolol 50 mg given orally
for 6 days

Control group (placebo)

« Randomized, n = 35; losses = 0; analysed, n = 35 (use of ITT analysis)
 Details: 10 mL normal saline, or placebo tablet given same as the intervention

Outcomes Outcomes measured/reported by study authors: ventricular and supraventricular arrhythmias,
acute MI, adverse events, bradycardia (< 40 bpm), hypotension (not defined), congestive heart failure
Outcomes relevant to the review: ventricular arrhythmias, acute MI, bradycardia, hypotension, con-
gestive heart failure

Notes Funding/declarations of interest: grant from Stuart Pharmaceuticals
Study dates: not reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Unclear risk Not specified

tion (selection bias)

Allocation concealment Unclear risk Not specified

(selection bias)

Blinding of participants Low risk Randomized, placebo-controlled, double-blind trial

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Not specified

sessors (detection bias)

All outcomes

Incomplete outcome data  Low risk No apparent losses after randomization

(attrition bias)

All outcomes

Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-

porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias

Other bias Low risk Not detected
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Materne 1985

Methods

RCT, parallel design

Participants

Total number of randomized participants: 71

Inclusion criteria: elective CABG

Exclusion criteria: left ventricular ejection fraction < 40%, previous treatment with amiodarone, major
perioperative complication (MI, cardiac tamponade), use of another anti-arrhythmic drug

Type of surgery: elective CABG
Baseline characteristics (acebutolol)
Intervention group

« Age, mean (SD): 55.1 (+ 7.6) years
« Gender, M/F:28/4
» Preoperative use of beta-blockers, %: 65.6

Control group (standard care)

« Age, mean (SD): 57.9 (£ 6.9) years
« Gender,M/F:32/7
« Preoperative use of beta-blockers, %: 58.9

Country: Belgium

Setting: single centre; hospital

Interventions

Intervention group (acebutolol)

« Randomized, n =32; losses = 0; analysed, n = 32 (use of ITT analysis not reported)
« Details: initiated 24 h after surgery, 100 mg acebutolol IV or 600 mg orally during the 1st day, then 1200

mg/day orally. No end of the treatment period was specified

Control group (standard care)

« Randomized, n =39; losses = 0; analysed, n =39

« Details: standard care

Outcomes Outcomes measured/reported by study authors: supraventricular arrhythmias (to include AF), ven-
tricular extrasystoles, haemodynamic parameters
Outcomes relevant to the review: AF

Notes Funding/declarations of interest: not reported
Study dates: not reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Unclear risk Not specified

tion (selection bias)

Allocation concealment Unclear risk Not specified

(selection bias)
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Materne 1985 (Continued)

Blinding of participants
and personnel (perfor-
mance bias)

All outcomes

High risk Open-label trial

Blinding of outcome as-
sessors (detection bias)
All outcomes

High risk Open-label trial

Incomplete outcome data
(attrition bias)
All outcomes

Low risk No apparent losses

Selective reporting (re-
porting bias)

Unclear risk Study authors did not report prospective clinical trial registration or publica-

tion of a protocol. It was not feasible to effectively assess risk of reporting bias

Other bias Low risk Not detected
Matsuura 2001
Methods Quasi-randomized trial, parallel design

Participants

Total number of randomized participants: 80

Inclusion criteria: scheduled for CABG surgery

Exclusion criteria: history of AF or atrial flutter, contraindications to beta-blockers (such as asthma; or
concomitant valvular, anti-arrhythmic, or aortic surgery), severe bradycardia, hypotension

Type of surgery: elective CABG

Baseline characteristics

Intervention group (sotalol)

Age, mean (SD): 62 (+ 10) years

Gender, M/F:32/8

History of hypertension, %: 55

Ejection fraction, mean (SD), %: 56 (+ 15)
Preoperative use of beta-blockers, %: 50

Control group (standard care)

Age, mean (SD): 60 (+9)

Gender, M/F: 33/7

History of hypertension, %: 50

Ejection fraction, mean (SD), %: 55 (+ 14)
Preoperative use of beta-blockers, %: 40

Country: Japan

Setting: single centre; hospital

Interventions

Intervention group (sotalol)

Randomized, n = 40; losses = 0; analysed, n =40
Details: 80 mg/day, started on the 1st postoperative day and was continued for 2 weeks
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Matsuura 2001 (Continued)

Control group (standard care)

« Randomized, n = 40; losses = 0; analysed, n = 40
« Details: standard care

Outcomes Outcomes measured/reported by study authors: haemodynamic variables, plasma creatinine con-
centrations, AF, length of stay, mortality, adverse events relating to discontinuation of intervention
drug (to include bradycardia and hypotension)

Outcomes relevant to the review: AF; length of stay; mortality; bradycardia and hypotension (see
notes below)

Notes Funding/declarations of interest: not reported
Study dates: February 1999-December 2000
Note:

« we did not include outcome data for bradycardia and hypotension because we were uncertain
whether events were measured in the control group. Study authors reported discontinuation of so-
talol due to bradycardia in 2 participants, and due to hypotension (and other conditions) in 1 partic-

ipant
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  High risk Quote: "Patients were randomised alternately"
tion (selection bias)
Comment: quasi-randomization
Allocation concealment High risk See above
(selection bias)
Blinding of participants High risk Open-label trial
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- High risk Open-label trial
sessors (detection bias)
All outcomes
Incomplete outcome data  Low risk No apparent losses
(attrition bias)
All outcomes
Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-
porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias
Other bias Low risk Not detected
Mohr 1981
Methods Quasi-randomized trial, parallel design
Participants Total number of randomized participants: 85
Perioperative beta-blockers for preventing surgery-related mortality and morbidity in adults undergoing cardiac surgery (Review) 84

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



= 3 Cochrane
st g Library

Trusted evidence.
Informed decisions.
Better health. Cochrane Database of Systematic Reviews

Mohr 1981 (continued)

Inclusion criteria: scheduled for CABG surgery, all taking beta-blockers before surgery. Study includ-
ed participants who were poor risk (left ventricular aneurysm, low ejection fraction, or congestive heart
failure)

Exclusion criteria: undergoing concomitant valve replacement
Type of surgery: elective CABG

Baseline characteristics

Intervention group (propranolol)

« Age, mean (range): 56 (38-71)

« Gender, M/F:33/4

« History of hypertension, n: 18

 Ejection fraction 50%: 17; ejection fraction 35%-50%: 16; ejection fraction 30%-35%: 4

Control group (standard care)

« Age, mean (range): 57 (37-72) years

« Gender, M/F:39/9

« History of hypertension, n: 18

« Ejection fraction 50%: 19; ejection fraction 35%-50%: 23; ejection fraction 30%-35%: 6

Country: Israel

Setting: single centre; hospital

Interventions

Intervention group (propranolol)

« Randomized, n = 37; losses = 0; analysed, n =37 (ITT analysis not used)

« Details: low dose of propranolol (5 mg every 6 h in normotensive participants, 10 mg every 6 h in
hypertensive participants), using nasogastric tube, then orally starting postoperatively

Control group (standard care)

« Randomized, n =48; losses = 1 (due to death); analysed, n = 48 (for mortality), and 47 (for other out-
comes)

« Details: beta-blockers were withdrawn preoperatively

Outcomes

Outcomes measured/reported by study authors: supraventricular arrhythmias, Ml, perioperative
death, bronchospasm

Outcomes relevant to the review: M|, perioperative death

Notes

Funding/declarations of interest: not reported
Study dates: not reported
Note:

« studyincluded an additional intervention arm (participants who did not receive beta-blockers before
surgery); this group was not randomized, and therefore not included in this review

Risk of bias

Bias

Authors' judgement  Support for judgement

Random sequence genera-
tion (selection bias)

High risk Quote: "0dd or even last numbers on medical records"

Comment: quasi-randomization
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Mohr 1981 (continued)

Allocation concealment High risk See above
(selection bias)

Blinding of participants High risk Open-label trial
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- High risk Open-label trial
sessors (detection bias)
All outcomes

Incomplete outcome data  Low risk 2 participants died and were, therefore, not included in analysis of other out-
(attrition bias) comes
All outcomes

Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-
porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias
Other bias Low risk Not detected

Myhre 1984
Methods RCT, parallel design
Participants Total number of randomized participants: 41

Inclusion criteria: undergoing CABG, with stable angina pectoris treated with beta-blocking agents,
normotensive and in sinus rhythm

Exclusion criteria: not reported
Type of surgery: elective CABG
Baseline characteristics
Intervention group (propranolol)

« Age, mean (SD): 53 (+ 8.9) years
« Gender, M/F: 15/5
« Ejection fraction, mean (SD), %: 67.4 (+ 11.6)

Control group (standard care)

« Age, mean (SD): 59 (+ 8.5) years
« Gender,M/F:17/3
 Ejection fraction, mean (SD), %: 65.4 (+ 16.1)

Country: Norway

Setting: single centre; hospital

Interventions Intervention group (propranolol)

« Randomized, n = 21; losses = 5 (1 death - see notes below; 2 did not receive propranolol; 1 due to
reduced HR of <70 bpm; 1 due to MI); analysed, n = 21 (for mortality), 16 (for other outcomes (ITT
analysis not used)
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Myhre 1984 (Continued)

« Details: beta-blockers given as usual until morning of surgery, then 2 h before surgery a dose of ap-
proximately half was given, then 2 h after surgery beta-blockers were continued with bolus injection
of propranolol 1 mg per 6 h, IV. After 24 h, propanolol 20 mg, given orally, every 6 h for 7 days

Control group (standard care)

« Randomized, n =20; losses = 0; analysed, n =20
« Details: treatment was stopped 12 h before surgery, then restarted 2 h postoperatively

Outcomes Outcomes measured/reported by study authors: supraventricular tachyarrhythmias, acute MI, mor-
tality, hypotension

Outcomes relevant to the review: acute MI, mortality

Notes Funding/declarations of interest: not reported

Study dates: not reported

Notes:

« 1participantin the intervention group died, and was excluded from study authors' analysis. An addi-
tional participant was then included. We have reported the number of randomized participants in the
intervention group as 21, which includes the additional participant. We have used the lost participant
in analysis of mortality in the review

« wedid not re-include lost participants due to reduced HR, or due to M

Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Unclear risk Not specified
tion (selection bias)
Allocation concealment Unclear risk Not specified
(selection bias)
Blinding of participants High risk Open-label trial
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- High risk Open-label trial
sessors (detection bias)
All outcomes
Incomplete outcome data  Low risk 1 participant died and was excluded from the analysis (we included this par-
(attrition bias) ticipant in analysis of mortality). An additional participant was added to the
All outcomes study after this loss. We used the total number of randomized participants as
41, rather than 40, to account for this. Loss was < 10%
Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-
porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias
Other bias Low risk Not detected
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Neto 2013
Methods RCT, parallel design
Participants Total number of randomized participants: 68
Inclusion criteria: scheduled for CABG surgery
Exclusion criteria: previous use of beta-blockers; contraindication for beta-blockers; clinical signs of
systolic heart failure; ejection fraction < 50%; CABG associated with other procedures; presence of new
Q waves on ECG during ICU stay; Ml in previous 30 days
Type of surgery: elective CABG surgery
Baseline characteristics
Intervention group (metoprolol)
« Age, mean (SE): 57.9 (t 1.4) years
« Gender,M/F:11/24
« History of MI, n: 16
« History of hypertension, n: 25
« Ejection fraction, mean (SE), %: 66.3 (+ 1.1)
Control group (standard care)
« Age, mean (SE): 59 (+ 1.7) years
« Gender,M/F:11/22
« History of M, n: 12
« History of hypertension, n: 25
« Ejection fraction, mean (SD), %: 64 (+ 1)
Country: Brazil
Setting: single centre; hospital
Interventions Intervention group (metoprolol)
« Randomized, n = 35; losses = 0; analysed, n = 35 (use of ITT analysis not reported)
« Details: target dose of 200 mg/day metoprolol tartrate, given orally at least 72 h before surgery
Control group (standard care)
« Randomized, n =33; losses = 0; analysed, n =33
« Details: standard care
Outcomes Outcomes measured/reported by study authors: myocardial injury (assessed by troponin | concen-
trations); inotropes > 24 h; intubation > 24 h; stroke; AF; death (in the ICU and in hospital); bradycardia
(HR<50 bpm)
Outcomes relevant to the review: stroke; AF; death (in hospital); bradycardia (see notes below)
Notes Funding/declarations of interest: no sources of funding
Study dates: not reported
Note:
« studyauthors reported that 1 participantin the metoprolol group needed a dose reduction because of
HR <50 bpm. We did notinclude this as outcome data for bradycardia, because we could not be certain
from the manner in which it was reported of whether this was measured in the standard care group
Risk of bias
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Neto 2013 (Continued)

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Not specified
tion (selection bias)

Allocation concealment Unclear risk Not specified
(selection bias)

Blinding of participants High risk Open-label study
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- High risk Open-label study
sessors (detection bias)
All outcomes

Incomplete outcome data  Low risk Loss of 2 participants after randomization because of meeting exclusion crite-
(attrition bias) ria (new Q waves on ECG). We did not include these participants in the number
All outcomes randomized

Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-
porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias
Other bias Low risk Not detected

Neustein 1994

Methods RCT, parallel design

Participants Total number of randomized participants: 40
Inclusion criteria: scheduled for CABG surgery

Exclusion criteria: chronic preoperative beta-adrenergic blocker therapy, asthma, COPD, severe my-
ocardial dysfunction, intraventricular conduction delay, bundle-branch block, pre-existing ST segment
depression

Type of surgery: elective CABG
Baseline characteristics
Intervention group (esmolol)

« Age, mean (SD): 68 (+ 8) years
« Gender, M/F:12/5

Control group (placebo)

« Age, mean (SD): 61 (+ 12) years
« Gender,M/F:15/8

Country: USA

Setting: single centre; hospital

Interventions Intervention group (esmolol)
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Neustein 1994 (Continued)

+ Randomized, n=17;losses=1 (due to bradycardia and hypotension); analysed, n =17 (for bradycardia
and hypotension), 16 (for other outcomes) (ITT analysis was not used)

« Details: bolus dose 1.0 mg/kg esmolol, followed by continuous infusion 100 pg/kg/min. Administered
intraoperatively

Control group (placebo)

« Randomized, n =23; losses = 1 (due to technical problems); analysed, n =22
« Details: saline placebo, given same as the intervention group

Outcomes Outcomes measured/reported by study authors: intraoperative myocardial ischaemia, bradycardia
and hypotension (not defined), MI, haemodynamic variables
Outcomes relevant to the review: bradycardia and hypotension (see notes below), Mi
Notes Funding/declarations of interest: not reported
Study dates: not reported
Note:
« 1 participant was withdrawn from the intervention group because of hypotension and bradycardia.
We did not include these data in analysis because we could not be certain whether these outcomes
were recorded for the control group
Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Unclear risk Not specified
tion (selection bias)
Allocation concealment Unclear risk Not specified
(selection bias)
Blinding of participants Low risk Randomized, triple-blind, placebo-controlled trial
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Low risk Randomized, triple-blind, placebo-controlled trial
sessors (detection bias)
All outcomes
Incomplete outcome data  Low risk 2 participants were excluded from analysis (1 in the beta-blocker group be-
(attrition bias) cause of bradycardia and hypotension and 1 in the control group as the re-
All outcomes sult of a wide QRS complex that did not allow interpretation of intraoperative
myocardial ischaemia). We included data for bradycardia and hypotension in
analysis. Loss < 10%
Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-
porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias
Other bias Low risk Not detected
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Nicolson 1990

Methods

RCT, parallel design

Participants

Total number of randomized participants: 34

Inclusion criteria: good left ventricular function (ejection fraction > 45% or left ventricular end-dias-
tolic pressure <12 mmHg); resting HR > 70 bpm; scheduled for elective myocardial revascularization

Exclusion criteria: bronchospastic lung disease; having undergone a previous median sternotomy
Type of surgery: elective myocardial revascularization

Baseline characteristics

Intervention group (esmolol)

« Age, mean (SD): 58 (+ 2) years
« Gender, M/F: 14/3
» Preoperative use of beta-blockers, n: 4

Control group (placebo)

« Age, mean (SD): 61 (+ 3) years
« Gender, M/F:15/2
« Preoperative use of beta-blockers, n: 3

Country: USA

Setting: single centre; hospital

Interventions

Intervention group (esmolol)

« Randomized, n=17; losses = 0; analysed, n = 17
« Details: 500 pg/kg/min esmololfor 1 min; followed by continuous infusion of 200 pg/kg/min continued
until initiation of cardiopulmonary bypass

Control group (placebo)

« Randomized, n = 17; losses = 3 (persistent tachycardia - we did not re-include these participants for
arrhythmia data because study authors did not specify type of tachycardia); analysed, n = 14

« Details: comparable volumes of placebo given

Outcomes Outcomes measured/reported by study authors: haemodynamic variables, supplemental sufentanil,
postoperative events (MI)
Outcomes relevant to the review: MI

Notes Funding/declarations of interest: not reported
Study dates: not reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Unclear risk Randomization using "a series of sealed envelopes". Insufficient information

tion (selection bias)

Allocation concealment Unclear risk Not specified

(selection bias)
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Nicolson 1990 (continued)

Blinding of participants Unclear risk Placebo-controlled trial. However, it is unclear whether anaesthetists were
and personnel (perfor- aware of drug allocation
mance bias)

All outcomes

Blinding of outcome as- Unclear risk Not specified
sessors (detection bias)
All outcomes

Incomplete outcome data  Low risk Loss of 3 participants in the control group because of tachycardia. Although all
(attrition bias) losses were in the control group, overall the number of losses were few
All outcomes

Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-
porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias
Other bias Low risk Not detected

Nystrom 1993

Methods RCT, parallel design

Participants Total number of randomized participants: 101
Inclusion criteria: scheduled for CABG surgery because of severe angina pectoris

Exclusion criteria: repeat CABG surgery, if preoperative rhythm was not sinus, or if HR <45 bpm,
known intolerance to beta-blocking agents, significant pulmonary disease or uncompensated heart
failure

Type of surgery: elective CABG
Baseline characteristics
Intervention group (sotalol)

« Age, mean (range): 59 (33-75) years

« Gender, M/F: 45/5

« History of MI, mean (SD): 1 (+1.3)
 Ejection fraction, mean (SD): 0.6 (+ 0.1)
« Preoperative use of beta-blockers, n: 42

Control group (standard care)

« Age, mean (range): 60 (43-71) years

« Gender,M/F:43/8

« History of MI, mean (SD): 1 (£ 0.9)

« Ejection fraction, mean (SD): 0.6 (+ 0.2)
+ Preoperative use of beta-blockers, n: 40

Country: Sweden

Setting: single centre; hospital

Interventions Intervention group (sotalol)

« Randomized, n =50; losses = 0; analysed, n = 50 (use of ITT analysis not reported)
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Nystrom 1993 (Continued)

« Details: 160 mg sotalol, orally, on morning of surgery, continued once participant was able to resume
oral medication usually the morning of 1st postoperative day, then given 160 mg twice a day for 6 days

Control group

« Randomized, n=51; losses = 0; analysed, n =51
« Details: participants who were already on beta-blocking treatment had dose of beta-blocker changed
to half dose immediately after operation

Outcomes Outcomes measured/reported by study authors: AF, HR, bradycardia (not defined), hypotension (not
defined), mortality, ventricular arrhythmias

Outcomes relevant to the review: AF, mortality, ventricular arrhythmias, bradycardia and hypoten-

sion (see notes below)

Notes Funding/declarations of interest: not reported

Study dates: not reported

Note:

« 11 participants in the sotalol group needed a reduction in dose due to bradycardia, and 2 participants
needed a reductionin dose also due to hypotension. We did not include these data in analysis because
we could not be certain whether these outcomes were recorded for the control group

Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Unclear risk Not specified
tion (selection bias)
Allocation concealment Unclear risk Not specified
(selection bias)
Blinding of participants High risk Open-label trial
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- High risk Open-label trial
sessors (detection bias)
All outcomes
Incomplete outcome data  Low risk No apparent losses
(attrition bias)
All outcomes
Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-
porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias
Other bias Low risk Not detected
Ogawa 2013
Methods RCT, parallel design

Participants

Total number of randomized participants: 136
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Ogawa 2013 (Continued)

Inclusion criteria: undergone isolated off-pump CABG

Exclusion criteria: NYHA class IV; serious cardiac hypofunction with left ventricular ejection fraction <
30%; history of surgery for acute MI, or low tolerance to beta-blockers

Type of surgery: off-pump CABG (16.9% emergency surgery)
Baseline characteristics
Intervention group (landiolol)

« Age, mean (SD): 69.3 (+ 6.3) years

« Gender, M/F:49/19

« History of MI, n: 29

« History of hypertension, n: 46

+ Ejection fraction, mean (SD), %: 59.6 (+ 11.5)
« Preoperative use of beta-blockers, n: 19

Control group (standard care)

« Age,mean (SD): 71.6 (+ 7.8) years

« Gender,M/F:56/12

« History of MI, n: 37

« History of hypertension, n: 52

« Ejection fraction, mean (SD), %: 53.9 (+ 11.9)
» Preoperative use of beta-blockers, n: 15

Country: Japan

Setting: not reported

Interventions Intervention group (landiolol)

« Randomized, n =68; losses = 0; analysed, n = 68 (use of ITT analysis not reported)

« Details: landiolol started after induction of anaesthesia, dose 3-5 pg/kg/min, titrated to control HR at
60-90 bpm. Continued for 2 days

Control group (standard care)

« Randomized, n =68; losses = 0; analysed, n = 68
« Details: standard care

Outcomes Outcomes measured/reported by study authors: AF, laboratory markers of ischaemia and inflamma-
tion, HR, bradycardia (HR <50 bpm)

Outcomes relevant to the review: AF

Notes Funding/declarations of interest: not reported
Study dates: January 2008-May 2010
Note:

« we contacted the study authors who supplied a full-text publication not previously identified in our
search. We used this publication to collect data for the review

Risk of bias
Bias Authors' judgement  Support for judgement
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Ogawa 2013 (Continued)

Random sequence genera-  Low risk Treatment group allocation was performed using "a random number pro-
tion (selection bias) gram"
Allocation concealment Unclear risk No details

(selection bias)

Blinding of participants High risk Open-label trial
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- High risk Open-label trial

sessors (detection bias)
All outcomes

Incomplete outcome data  Low risk No losses
(attrition bias)
All outcomes

Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-
porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias
Other bias Low risk Not detected

Oka 1980
Methods RCT, parallel design
Participants Total number of randomized participants: 54

Inclusion criteria: people with stable angina pectoris, scheduled for long-term propranolol therapy
Exclusion criteria: resting HR <55 bpm; no additional criteria reported

Type of surgery: elective CABG

Baseline characteristics

Intervention group (propranolol continuation)

« Age, mean (SD): 56 (+ 2) years
« Gender,M/F:11/8

« History of MI, %: 26

« History of hypertension, %: 32

Control group (withdrawal of existing propranolol 48 h preoperatively)

« Age, mean (SD): 56 (+ 2) years
« Gender,M/F:11/6

« History of MI, %: 23

« History of hypertension, %: 41

Control group (withdrawal of existing propranolol 10 h preoperatively)

« Age, mean (SD): 55 (+ 2) years
« Gender,M/F:12/6
« History of MI, %: 28
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Oka 1980 (continued)

« History of hypertension, %: 28
Country: USA

Setting: single centre; hospital

Interventions

Intervention group (propranolol)

« Randomized, n =19; losses = 0; analysed, n = 19
« Details: continued with existing dose until day of surgery, then half dose 2 h prior to surgery, and 1 mg
IV given postoperatively every 4 h for 36 to 48 h

Control group (withdrawal of existing propranolol 48 h preoperatively)

« Randomized, n =17; losses = 0; analysed, n = 17
« Details: continued with existing dose until 48 h before surgery, then treatment withdrawn

Control group (withdrawal of existing propranolol 10 h preoperatively)

« Randomized, n = 18; losses = 0; analysed, n = 18
« Details: continued with existing dose until 10 h before surgery, then treatment withdrawn

Outcomes Outcomes measured/reported by study authors: haemodynamic variables; supraventricular arrhyth-
mias, mortality, acute Ml
Outcomes relevant to the review: mortality, acute MI
Notes Funding/declarations of interest: not reported
Study dates: not reported
Note:
« study included 2 control arms, which we combined in analysis
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Not specified
tion (selection bias)
Allocation concealment Unclear risk Not specified
(selection bias)
Blinding of participants High risk Open-label trial
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- High risk Open-label trial
sessors (detection bias)
All outcomes
Incomplete outcome data ~ Low risk No apparent losses
(attrition bias)
All outcomes
Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-
porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias
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Oka 1980 (continued)

Other bias Low risk Not detected

Ormerod 1984

Methods RCT, parallel design

Participants Total number of randomized participants: 60
Inclusion criteria: undergoing CABG surgery for angina pectoris

Exclusion criteria: ejection fraction <40%, known contraindications to propranolol or digoxin. Partic-
ipants were withdrawn if they had postoperative low cardiac output or continued assisted mechanical
ventilation (preventing oral treatment)

Type of surgery: elective CABG
Baseline characteristics
Intervention group (propranolol)

« Age, mean: 54.9 years
« Gender, M/F:23/4
+ History of MI, n: 12

Control group (standard care)

+ Age, mean:51.8
« Gender, M/F:30/3
« History of MI, n: 12

Country: UK

Setting: single centre; hospital

Interventions Intervention group (propranolol)

« Randomized, n = unclear (see notes); losses = unclear (see notes); analysed, n =27 (ITT analysis not
used)

« Details: 15-30 mg/kg propanolol, orally, daily. Started on morning after surgery. Time point for dis-
continuation is not specified

Control group (standard care)

« Randomized, n = unclear (see notes); losses = unclear (see notes); analysed, n =33
« Details: no specific anti-arrhythmic treatment

Outcomes Outcomes measured/reported by study authors: AF, ventricular extrasystoles, bundle branch block

Outcomes relevant to the review: AF

Notes Funding/declarations of interest: not reported
Study dates: not reported
Notes:

« study included an additional intervention group (digoxin), which we did not include in this review
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Ormerod 1984 (Continued)

« 4 participants were excluded after randomization. Study authors do not report to which group these
participants belonged, and therefore overall number of randomized participants does not include

these losses.

Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Not specified
tion (selection bias)
Allocation concealment Unclear risk Not specified
(selection bias)
Blinding of participants High risk Open-label trial
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- High risk Open-label trial
sessors (detection bias)
All outcomes
Incomplete outcome data  Low risk 4 participants were excluded after the surgery because oral drug administra-
(attrition bias) tion was impossible (low cardiac output or assisted ventilation after oper-
All outcomes ation), it is not clear to which group these participants belonged. However,
overall loss is <10%
Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-
porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias
Other bias Low risk 3intervention arms; results were presented identically for all groups
Osada 2012
Methods RCT, parallel design

Participants

Total number of randomized participants: 141

Inclusion criteria: scheduled for open-heart surgery

Exclusion criteria: previous AF, undergoing emergency surgery

Type of surgery: open-heart surgery (CABG, valve surgery, thoracic aorta surgery)

Baseline characteristics not reported. Study authors state "no significant differences between the
two groups in baseline patient characteristics".

Country: Japan

Setting: single centre; hospital

Interventions

Intervention group (landiolol)

« Randomized, n=73; losses = 0; analysed, n=73

« Details: landiolol hydrochloride 2-3 pg/kg/min IV infusion, started soon after arrival in the ICU after
surgery, continued for 48 h
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Osada 2012 (continued)

Control group (standard care)

« Randomized, n = 68; losses = 0; analysed, n = 68
« Details: standard care, participants did not receive landiolol

Outcomes Outcomes measured/reported by study authors: AF
Outcomes relevant to the Review: AF

Notes Funding/declarations of interest: not reported
Study dates: May 2010-January 2012
Note:
« full study report not available, data taken from abstract only

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Not specified

tion (selection bias)

Allocation concealment Unclear risk Not specified

(selection bias)

Blinding of participants High risk Open-label trial

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- High risk Open-label trial

sessors (detection bias)

All outcomes

Incomplete outcome data  Low risk No losses

(attrition bias)

All outcomes

Selective reporting (re- Unclear risk Not detected (in abstract)

porting bias)

Other bias Unclear risk Limited detail in abstract and therefore, it is not feasible to assess risks of oth-

er bias
Paull 1997
Methods RCT, parallel design

Participants

Total number of randomized participants: 100

Inclusion criteria: scheduled for CABG surgery

Exclusion criteria: presence of 2nd- or 3rd-degree heart block, bradycardia, asthma requiring bron-
chodilator therapy, SVT, severe hypoglycaemic episodes, ejection fraction <30%, need for inotropic

support preoperatively
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Paull 1997 (continued)

Type of surgery: elective CABG

Baseline characteristics not reported by group: study authors report "The two study groups were
comparable with respect to age, sex, ventricular function, number of coronary grafts, and preoperative
beta blocker use"

Country: USA

Setting: single centre; hospital

Interventions

Intervention group (metoprolol)

« Randomized, n =50; losses = 0; analysed, n =50 (use of ITT analysis)

« Details: initial dose of 50 mg metoprolol, given postoperatively once oral feeding was resumed (typi-
cally at 24 h), subsequent doses (between 50 mg-200 mg) given to maintain HR 60-90 bpm and SBP >
90 mmHg. Discontinuation time point not specified

Control group (placebo)

« Randomized, n =50; losses = 0; analysed, n = 50
« Details: placebo given same as the intervention group

Outcomes Outcomes measured/reported by study authors: AF, mortality
Outcomes relevant to the review: AF, mortality
Notes Funding/declarations of interest: not reported
Study dates: August 1990-April 1995
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Not specified
tion (selection bias)
Allocation concealment Unclear risk Not specified
(selection bias)
Blinding of participants High risk Single-blind trial. We assumed, therefore, that personnel were not blinded to
and personnel (perfor- treatment allocation
mance bias)
All outcomes
Blinding of outcome as- High risk Single-blind trial
sessors (detection bias)
All outcomes
Incomplete outcome data  Low risk No apparent losses
(attrition bias)
All outcomes
Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-
porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias
Other bias Unclear risk Short report with limited information. Not feasible to assess risks of other bias.
In addition, study authors report "Patients who developed AF during the study
were treated according to the preferences of their cardiologists". We could not
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Paull 1997 (continued)

be certain whether participants in either group were treated with additional
beta-blockers.

Pfisterer 1997

Methods RCT, parallel design

Participants Total number of randomized participants: 255
Inclusion criteria: scheduled for CABG or aortic valve surgery

Exclusion criteria: additional procedures (mitral valve replacement or aneurysmectomy), sinus or atri-
oventricular nodal disease, AF before surgery, severe COPD, or if anti-arrhythmic therapy was mandato-
ry to control severe ventricular arrhythmias

Type of surgery: elective CABG or aortic valve surgery
Baseline characteristics
Intervention group (sotalol)

« Age, mean (SD): 61 (+9) years

« Gender,M/F:101/9

« History of coronary heart disease, (3-vessel) %: 75
« History of MI, %: 58

« History of hypertension, %: 50

« Ejection fraction, mean (SD): 0.61 (+ 0.10)

« History of COPD, n: 5

» Preoperative use of beta-blockers, %: 82

Control group (placebo)

« Age, mean (SD): 60 (£ 9) years

« Gender, M/F:94/16

« History of coronary heart disease, (3 vessel) %: 75
« History of MI, %: 60

« History of hypertension, %: 58

« Ejection fraction, mean (SD): 0.60 (+ 0.13)

« History of COPD, n: 8

» Preoperative use of beta-blockers, %: 72

Country: Switzerland

Setting: single centre; hospital

Interventions Intervention group (sotalol)

» Randomized, n = 126; losses = 0; analysed, n = 126 (use of ITT analysis)

« Details: 80 mg sotalol, orally, 2 h before induction of GA. A 2nd dose was given during intubation
through a gastric tube. Then medication was given twice daily for a total of 3 months

Control group (placebo)

« Randomized, n =129; losses = 0; analysed, n =129
« Details: placebo, given same as the intervention group

Outcomes Outcomes measured/reported by study authors: supraventricular tachyarrhythmias (AF), ventricular
arrhythmias, side effects (to include bradycardia and hypotension - not defined), length of hospital stay
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Pfisterer 1997 (Continued)

Outcomes relevant to the review: AF, ventricular arrhythmias, bradycardia, hypotension, length of
hospital stay

Notes Funding/declarations of interest: not reported
Study dates: June 1994-March 1995
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Not specified
tion (selection bias)
Allocation concealment Unclear risk Not specified
(selection bias)
Blinding of participants Low risk Randomized, placebo-controlled, double-blind trial
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Unclear risk Not specified
sessors (detection bias)
All outcomes
Incomplete outcome data  Low risk No apparent losses
(attrition bias)
All outcomes
Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-

porting bias)

tion of a protocol. It was not feasible to effectively assess risk of reporting bias

Other bias High risk We noted that participants could be treated with esmolol during surgery. More
participants in the placebo group received intraoperative esmolol, which
could influence outcome data

Reves 1990
Methods RCT, parallel design

Participants

Total number of randomized participants: 30

Inclusion criteria: scheduled for myocardial revascularization, male and non-pregnant female pa-
tients; SBP > 140 and < 180 mmHg and HR > 70 and < 105 bpm; SBP < 180 mmHg and HR >80 and < 150
bpm; maintained on beta-adrenergic blocker until night before surgery

Exclusion criteria: <21 years of age, American Surgical Association class V, presence of AF or flutter,
presence of atrioventricular conduction block > 1st degree, history of myocardial infarction within 1
week, clinical or laboratory evidence of severe renal or hepatic failure, history of bronchial asthma, his-
tory of drug allergy to beta-adrenergic blocking drugs, receiving monoamine oxidase inhibitors within 1
month of study, people taking cocaine, heroin, LSD, or other mood-altering drugs

Type of surgery: elective CABG
Baseline characteristics

Intervention group (esmolol)
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Reves 1990 (Continued)

« Age, mean (SD): 57 (+9) years

« Gender, M/F: 14/2

« Ejection fraction, mean (SD), %: 55 (+ 12)
+ Preoperative use of beta-blockers, n: 16

Control group (placebo)

« Age, mean (SD): 55 (+ 10) years

« Gender, M/F:13/1

« Ejection fraction, mean (SD), %: 48 (+ 15)
« Preoperative use of beta-blockers, n: 14

Country: USA

Setting: single centre; hospital

Interventions

Intervention group (esmolol)

« Randomized, n = 16; losses = 0; analysed, n = 16 (use of ITT analysis not reported)

+ Details: 80 mg esmolol loading dose, followed by continuous infusion of 12 mg/min, given intraoper-
atively

Control group (placebo)

» Randomized, n = 14; losses = 0; analysed, n = 14
« Details: placebo, given same as the intervention

Outcomes Outcomes measured/reported by study authors: haemodynamic variables, resolution of tachycardia
and hypertension, myocardial ischaemia, hypotension, bradycardia
Outcomes relevant to the review: hypotension and bradycardia (see notes below)
Notes Funding/declarations of interest: supported in part by DuPont Critical Care Inc.
Study dates: not reported
Notes:
« study reports initial dose-finding phase, which is not included in this review
« study authors reported "no differences between groups with regard to hypotension, hypertension,
bradycardia, or tachycardia during the observation period"; however, no data were presented to sup-
port this statement
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Not specified
tion (selection bias)
Allocation concealment Unclear risk Not specified
(selection bias)
Blinding of participants Low risk Randomized, double-blind, placebo-controlled trial
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Unclear risk Not specified
sessors (detection bias)
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Reves 1990 (Continued)
All outcomes

Incomplete outcome data  Low risk
(attrition bias)
All outcomes

No apparent losses

Selective reporting (re- Unclear risk
porting bias)

Study authors did not report prospective clinical trial registration or publica-

tion of a protocol. It was not feasible to effectively assess risk of reporting bias

Other bias Low risk Not detected
Rubin 1987
Methods RCT, parallel design
Participants Total number of analysed participants: 77 (number randomized is unclearly reported)

Inclusion criteria: scheduled for CABG surgery

Exclusion criteria: prior history of AF, lung disease with bronchospasm, brittle diabetes, previous se-
vere bradycardia, high-degree atrioventricular block or known sensitivity to digoxin or propranolol;
ejection fraction < 0.50. Participants who had an intraoperative Ml or cerebral vascular accident, who
died intraoperatively, or who developed a problem necessitating discontinuation of the study drug
were excluded from analysis

Type of surgery: elective CABG

Baseline characteristics

Intervention group (propranolol)

« Age, mean (SD): 55.0 (+ 8.6) years
« History of hypertension, n: 14
« Preoperative use of beta-blockers, n: 28

Control group (standard care)

« Age, mean (SD): 55.8 (+ 2) years
« History of hypertension, n: 22
« Preoperative use of beta-blockers, n: 29

Country: USA

Setting: single centre; hospital

Interventions Intervention group (propranolol)

« Randomized, n=unclear;losses = unclear (overall 27 exclusions but not reported by group; see notes
below); analysed, n =37 (ITT analysis not used)

« Details: propranolol 20 mg every 6 h starting on postoperative day 1, continued for approximately 6

weeks

Control group (standard care)

« Randomized, n = unclear; losses = unclear (overall 27 exclusions but not reported by group; see notes
below); analysed, n =40 (ITT analysis not used)

 Details: no drug given
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Rubin 1987 (continued)

Outcomes Outcomes measured/reported by study authors: AF, length of hospital stay (not reported by groups);
mortality; Ml; cerebrovascular events; bronchospasm; hypotension

Outcomes relevant to the review: mortality, cerebrovascular events, bronchospasm, hypotension,
late mortality (due to M), and length of hospital stay (see notes below); AF

Notes Funding/declarations of interest: supported by a grant from the Dr | Fund Foundation, New York, USA
Study dates: not reported
Notes:

« study included an additional group (digoxin), which we did not include in this review

« study authors report reasons for exclusions after randomization. Wee could not include these out-
come data in analysis because they were not reported by group: 2 participants died intraoperative-
ly; 2 participants had a CVA; 2 participants had contraindications, which were bronchospasm and hy-
potension. Similarly, we could not report data for late mortality (due to MI) because these data were
not reported by group

« wecould notinclude datafor hospital length of stay because study authors did not report this outcome

by group
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Quote: "Patients were randomised by lot"
tion (selection bias)
Comment: no additional details
Allocation concealment Unclear risk No details
(selection bias)
Blinding of participants High risk Open-label trial
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- High risk Open-label trial
sessors (detection bias)
All outcomes
Incomplete outcome data  High risk 27 participants were excluded from analysis after randomization. We were un-
(attrition bias) able to re-include data for these participants because study authors did not re-
All outcomes port to which group these participants belonged.
Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-
porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias
Other bias Low risk No other sources of bias identified
Sakaguchi 2012
Methods RCT, parallel design
Participants Total number of randomized participants: 60
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Sakaguchi 2012 (continued)

Inclusion criteria: undergone valve replacement or valvuloplasty; had sinus rhythm on admission to
the ICU

Exclusion criteria: people with left ventricular ejection fraction < 40% in preoperative ECG or a history
of 2nd- or 3rd-degree atrioventricular block

Type of surgery: heart valve surgery
Baseline characteristics
Intervention group (landiolol)

« Age, mean (SD): 69.3 (+ 8.6) years

« Gender, M/F:15/15

« NYHAIllorlIV:6

« History of coronary heart disease, n: 7

« History of hypertension, n: 21

« Ejection fraction, mean (SD), %: 57.5 (+ 9.3)
« Preoperative use of beta-blockers, n: 1

Control group (standard care)

« Age, mean (SD): 68.7 (+ 10) years

« Gender,M/F:17/13

« NYHAIlllorlV:3

« History of coronary heart disease, n: 3

« History of hypertension, n: 19

« Ejection fraction, mean (SD), %: 60.5 (+ 7.6)
+ Preoperative use of beta-blockers, n: 3

Country: Japan

Setting: single centre; hospital

Interventions

Intervention group (landiolol)

« Randomized, n = 30; losses = 0; analysed, n = 30 (use of ITT analysis not reported)

« Details: continuous infusion landiolol started at a dose of 10 pg/kg/min on admission to the ICU. Con-
trolled to maintain HR at > 60 bpm. Discontinued 72 h after surgery

Control group (standard care)

« Randomized, n =30; losses = 0; analysed, n =30
+ Details: landiolol was not given

Outcomes Outcomes measured/reported by study authors: AF, haemodynamic parameters
Outcomes relevant to the review: AF

Notes Funding/declarations of interest: not reported
Study dates: April 2008-July 2010

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-
tion (selection bias)

High risk Quote: "60 subjects were randomised into 2 groups by the coin toss method"

Comment: coin tossing is a valid method used to generate a randomization se-
quence. In our opinion, however, it is highly unlikely that coin tossing would
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Sakaguchi 2012 (continued)

result in exactly 30 participants in each study group. With such a low number
of participants, we would expect an unequal number of participants in each
trial arm if the randomization sequence was generated with coin flipping

Allocation concealment High risk See above
(selection bias)

Blinding of participants High risk Open-label trial
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- High risk Open-label trial

sessors (detection bias)
All outcomes

Incomplete outcome data  Low risk No apparent losses
(attrition bias)
All outcomes

Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-
porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias
Other bias Low risk Not detected

Salazar 1979
Methods RCT, parallel design
Participants Total number of randomized participants: 42

Inclusion criteria: scheduled for CABG surgery; all participants taking beta-blocker therapy preopera-
tively

Exclusion criteria: additional procedures such as valve replacement or aneurysmectomy, or people
with complicated postoperative courses such as re-exploration for bleeding or perioperative infarction

Type of surgery: elective CABG

Baseline characteristics not reported by group: study authors state "There were no statistically sig-
nificant differences between the two group with respect to age, sex, extent of disease, number of grafts,
dosage of propranolol preoperatively, or other pertinent variables"

Country: USA

Setting: single centre; hospital

Interventions Intervention group (propranolol)

« Randomized, n =20; losses = 0; analysed, n = 20 (use of ITT analysis was not reported)

« Details: usual dose of propranolol was discontinued 10 h before surgery; then 1 mg propranolol IV,
every 4 h postoperatively; then 10 mg orally every 6 h when possible. Discontinuation time point was
not specified

Control group (standard care)

« Randomized, n =22; losses = 0; analysed, n =22 (use of ITT analysis was not reported)
« Details: no additional propranolol was given
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Outcomes Outcomes measured/reported by study authors: sinus tachycardia; paroxysmal atrial tachycardia,
flutter-fibrillation; multiple atrial/nodal premature contractions; hypotension (SBP <100 mmHg)
Outcomes relevant to the review: AF; hypotension
Notes Funding/declarations of interest: not reported
Study dates: not reported
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Not specified
tion (selection bias)
Allocation concealment Unclear risk Not specified
(selection bias)
Blinding of participants High risk Open-label trial
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- High risk Open-label trial
sessors (detection bias)
All outcomes
Incomplete outcome data  Low risk No apparent losses
(attrition bias)
All outcomes
Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-
porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias
Other bias High risk Study authors reported no difference in baseline characteristics, however, no
table was presented in the study report to allow for comparison. In addition,
we noted that participants in either group were given supplemental propra-
nolol to control arrhythmias. This may have influenced outcome data.
Serruys 2000
Methods RCT, parallel design

Participants

Total number of randomized participants: 406

Inclusion criteria: stable or unstable angina pectoris who were scheduled to undergo elective direc-
tional coronary atherectomy of a single native primary coronary stenosis

Exclusion criteria: contraindications to carvedilol (bradycardia < 50 bpm, 2nd- or 3rd-degree atrioven-
tricular block, obstructive airway disease, insulin-dependent diabetes): contraindications to a discon-
tinuation of existing beta-blocker therapy; ineligibility for directional coronary atherectomy. Concomit-
tant treatment with beta-blockers, alpha-blockers, anti-arrhythmics, antioxidants, antiproliferative
agents, drugs that influence the pharmacodynamics or kinetics of carvedilol, or anticoagulants was not
allowed during the trial

Type of surgery: elective directional coronary atherectomy
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Serruys 2000 (Continued)

Baseline characteristics (reported for 324 participants)
Intervention group (carvedilol)

« Age, mean (SD): 57.9 (+ 10.0) years

« Gender, M/F: 147/22

« History of MI, %: 49.7

« History of hypertension, %: 29.6

» Preoperative use of beta-blockers, %: 62.1

Control group (placebo)

« Age, mean (SD): 58.6 (£ 9.7) years

« Gender, M/F:137/18

« History of MI, %: 36.1

« History of hypertension, %: 27.7

« Preoperative use of beta-blockers, %: 62.6

Countries: Austria; Belgium; France; Germany; Netherlands; Portugal; Spain; Sweden

Setting: hospitals; multicentre

Interventions

Intervention group (carvedilol)

« Randomized, n = 206; losses, n = 37 (withdrawn before intervention, MACE before intervention at-
tempt, no intervention attempt, surgical techniques used other than planned intervention, failed at-
tempt, complications during procedure); analysed, n = 169

« Details: 25 mg carvedilol twice a day, starting at least 24 h before surgery and continued for 5 months
Control group (placebo)

« Randomized, n =200; losses, n = 45 (reasons same as the intervention group); analysed, n = 155
« Details: placebo given, same as the intervention groups

Outcomes Outcomes measured/reported by study authors: success of surgery; major adverse events (mor-
tality, MI, need for CABG, repeat procedure. Measured at 7 months postoperatively); adverse events
(bradycardia; hypotension - not defined). Study follow-up at 1, 5, 6, and 7 months
Outcomes relevant to the review: mortality; MI; hypotension; bradycardia

Notes Funding/declarations of interest: educational grant from Boehringer Mannheim, Germany
Study dates: December 1994-February 1997

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Not specified
tion (selection bias)
Allocation concealment Unclear risk Not specified
(selection bias)
Blinding of participants Low risk Described as double-blinded study; we assumed that clinicians were not aware
and personnel (perfor- of group allocation
mance bias)
All outcomes
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Serruys 2000 (Continued)

Blinding of outcome as- Unclear risk Not specified
sessors (detection bias)
All outcomes

Incomplete outcome data  High risk Loss of 20% participants. Reasons for losses were not reported by group, and it
(attrition bias) was not feasible to assess whether the reasons were balanced between groups
All outcomes

Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-
porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias
Other bias Low risk Not detected

Sezai 2011
Methods RCT, parallel design
Participants Total number of randomized participants: 142

Inclusion criteria: scheduled to undergo CABG on cardiopulmonary bypass

Exclusion criteria: people with cardiogenic shock; sinus bradycardia, 2nd- or 3rd-degree atrioventric-
ular block, clinical hypothyroidism or hyperthyroidism, history of arrhythmias; undergoing off-pump
surgery

Type of surgery: elective CABG
Baseline characteristics
Intervention group (landiolol)

« Age, mean (SD): 68.5 (+ 4.7) years

« Gender,M/F:62/8

« History of MI, n: 33

« History of hypertension, n: 58

« Ejection fraction, mean (SD), %: 54.5 (+ 14.2)
« History of COPD, n: 3

« Preoperative use of beta-blockers, n: 17

Control group (placebo)

« Age, mean (SD): 66.7 (+ 8.9) years

« Gender, M/F: 66/4

« History of MI, n: 32

« History of hypertension, n: 50

« Ejection fraction, mean (SD), %: 55.6 (+ 13.5)
« History of COPD, n: 2

« Preoperative use of beta-blockers, n: 25

Country: Japan

Setting: single centre; hospital

Interventions Intervention group (landiolol)

« Randomized, n=71; losses = 1 (because of lack of data); analysed, n =70 (ITT analysis was not used)
« Details: landiolol hydrochloride started at 2 ug/kg/min during surgery, continued for 48 h
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Sezai 2011 (Continued)

Control group (placebo)

« Randomized, n=71; losses = 1 (because of lack of data); analysed, n =70 (ITT analysis was not used)
« Details: placebo given same as the intervention group

Outcomes Outcomes measured/reported by study authors: AF (within 1 week of surgery); mortality; total cost
of hospital treatment; multiple laboratory parameters indicating myocardial ischaemia or inflamma-
tion; haemodynamic parameters; fluid balance; length of stay; complications (to include congestive
heart failure, and stroke); hypotension and bradycardia leading to discontinuation of treatment (cut-off
points not defined)

Outcomes relevant to the review: AF; length of hospital stay; mortality; congestive heart failure;
stroke

Notes Funding/declarations of interest: supported by grants from the Japanese Ministry of Education, Cul-
ture, Sports, Science, and Technology; and from Nihon University School of Medicine. Study authors
declare no conflicts
Study dates: not reported
Note:

« also referred to as the PASCAL trial

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Participants "were randomised into two groups by the lottery method". Insuffi-

tion (selection bias) cient detail

Allocation concealment Unclear risk See above

(selection bias)

Blinding of participants Low risk Agents were given "in a blinded manner"

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Not specified

sessors (detection bias)

All outcomes

Incomplete outcome data ~ Low risk 2 participants were withdrawn after randomization because of "lack of suffi-

(attrition bias) cient data". Losses < 10%, and balanced between groups

All outcomes

Selective reporting (re- High risk Study reports clinical trial registration (UMIN000001792); however it is not

porting bias) clear whether study was registered prospectively. We noted that additional

outcomes are reported by study authors that are not included in clinical trial
registration documents

Other bias High risk Participants from either group could be treated with beta-blockers for condi-

tions such as left ventricular dysfunction. 20 participants in the placebo group
and 14 participants in the intervention group were treated with beta-blockers
during the perioperative period
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Sezai 2012

Methods RCT, parallel design

Participants Total number of randomized participants: 101
Inclusion criteria: scheduled for CABG surgery under cardiopulmonary bypass

Exclusion criteria: people with cardiogenic shock; sinus bradycardia, 2nd- or 3rd-degree atrioventric-
ular block, clinical hypothyroidism or hyperthyroidism, history of arrhythmias; undergoing off-pump
surgery

Type of surgery: elective CABG
Baseline characteristics
Intervention group (landiolol)

« Age, mean (SD): 68.5 (+ 9.6) years

« Gender,M/F:26/8

« History of M, n: 12

« History of hypertension, n: 26

« Ejection fraction, mean (SD), %: 60.4 (+ 10.1)
« History of COPD, n: 2

« Preoperative use of beta-blockers, n: 9

Intervention group (landiolol + bisoprolol)

« Age, mean (SD): 68.1 (+ 8.2) years

« Gender, M/F:26/7

« History of MI, n: 16

« History of hypertension, n: 26

 Ejection fraction, mean (SD), %: 53.9 (+ 14.5)
« History of COPD, n: 1

« Preoperative use of beta-blockers, n: 7

Control group (placebo)

« Age, mean (SD): 68.2 (+ 7.5) years

« Gender, M/F:30/4

« History of MI, n: 13

« History of hypertension, n: 28

+ Ejection fraction, mean (SD), %: 60.0 (+ 13.6)
« History of COPD, n: 2

» Preoperative use of beta-blockers, n: 9

Country: Japan

Setting: single centre; hospital

Interventions Intervention group (landiolol)

« Randomized, n = 34; losses = 0; analysed, n = 34 (use of ITT analysis was not reported)
« Details: started during surgery, 5 pg/kg/min, IV, for 3 days

Intervention group (landiolol + bisoprolol)

« Randomized, n =33; losses = 0; analysed, n = 33 (use of ITT analysis was not reported)

« Details: landiolol given as above, with bisoprolol 2.5 mg/day given orally or directly to the stomach
via a tube, starting on the day after surgery

Control group (placebo)
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Sezai 2012 (continued)

« Randomized, n = 34; losses = 0; analysed, n = 34 (use of ITT analysis was not reported)
« Details: normal saline given same as the landiolol group

Outcomes Outcomes measured/reported by study authors: AF (in 1st postoperative week); haemodynamic pa-
rameters, multiple lab parameters indicating myocardial ischaemia or inflammation, mortality, acute
MI, congestive heart failure, length of hospital stay; hypotension and bradycardia leading to discontin-
uation of treatment (cut-off points not defined)
Outcomes relevant to the review: AF, mortality, MI, congestive heart failure; length of hospital stay;
hypotension and bradycardia leading to discontinuation of treatment (cut-off points not defined)
Notes Funding/declarations of interest: supported by grants from the Japanese Ministry of Education, Cul-
ture, Sports, Science, and Technology; from Takeda Science Foundation; and from Nihon University
School of Medicine. Study authors declare no conflicts
Study dates: not reported
Notes:
« we combined data in analysis from both intervention groups
« the trial was stopped early after an interim analysis for ethical reasons (occurrence of atrial fibrilla-
tion was statistically significantly less in the beta-blocker group than in the control group, but the in-
cidences of adverse events were not different)
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Quote: "Patients were randomised into three groups by the lottery method""
tion (selection bias)
Comment: insufficient details
Allocation concealment Unclear risk See above
(selection bias)
Blinding of participants High risk Medical staff were blinded for landiolol and placebo treatments but not for
and personnel (perfor- group that was given bisoprolol
mance bias)
All outcomes
Blinding of outcome as- Low risk Personnel involved in outcome measurements were blinded to study groups
sessors (detection bias)
All outcomes
Incomplete outcome data  Low risk 4 participants were excluded after randomization (off-pump CABG, other
(attrition bias) surgery done concomitantly), however this was part of the exclusion criteria
All outcomes and we have not included these participants as randomized
Selective reporting (re- Unclear risk Study reports clinical trial registration (UMIN000002489). However, it is un-
porting bias) clear whether the study is prospectively registered and it is not feasible to as-
sess risk of reporting bias from these documents
Other bias Low risk Not detected

Silverman 1982

Methods

Quasi-randomized trial, parallel design
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Silverman 1982 (continued)

Participants Total number of randomized participants: 100
Inclusion criteria: scheduled for CABG surgery without additional cardiac surgical procedures
Exclusion criteria: not reported
Type of surgery: elective CABG
Baseline characteristics
Intervention group (propranolol)

« Age, mean (SD): 55.2 (+ 1.7) years

« Gender, M/F: 48/2

« History of MI, %: 56

« History of hypertension, %: 44

« Preoperative use of beta-blockers, %: 100

Control group (standard care)

« Age, mean (SD): 58.2 (+ 1.5) years

« Gender, M/F:45/5

« History of MI, %: 64

« History of hypertension, %: 54

« Preoperative use of beta-blockers, %: 100

Country: USA

Setting: single centre; hospital

Interventions Intervention group (propranolol)

« Randomized, n =50; losses = 0; analysed, n = 50 (use of ITT analysis was not reported)

« Details: existing dose of propranolol tapered the day before surgery or maintained at current dose if
participant had previously unstable angina or significant left main stenosis. 10 mg orally or via naso-
gastric tube started on 1st postoperative day, continued until discharge

Control group (standard care)

« Randomized, n =50; losses = 0; analysed, n = 50 (use of ITT analysis was not reported)
« Details: no additional agent

Outcomes Outcomes measured/reported by study authors: supraventricular arrhythmias (to include AF and
atrial flutter); perioperative MI, bradycardia or bronchospasm (necessitating discontinuation of study
medication)

Outcomes relevant to the review: AF and atrial flutter; perioperative MI; bradycardia and bron-
chospasm (see notes below)

Notes Funding/declarations of interest: not reported
Study dates: not reported
Note:

« study authors reported that no participants developed bradycardia or bronchospasm sufficient to
discontinue medication. We did not include these data in analysis because we could not be certain
whether the outcome was measured only in the intervention group

Risk of bias
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Bias Authors' judgement  Support for judgement

Random sequence genera-  High risk Quote: "Randomization was by birthdate"

tion (selection bias)
Comment: quasi-randomization

Allocation concealment High risk See above

(selection bias)

Blinding of participants High risk Open-label trial

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- High risk Open-label trial

sessors (detection bias)

All outcomes

Incomplete outcome data  Low risk No apparent losses

(attrition bias)

All outcomes

Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-

porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias

Other bias High risk Either group were given digoxin and propranolol to control supraventricular
tachycardias - this affected 6 participants in the control group and 5 partici-
pants in the intervention group. This may influence outcome data

Skiba 2013
Methods RCT, parallel design

Participants

Total number of randomized participants: 148

Inclusion criteria: > 18 years of age; in normal sinus rhythm preoperatively; scheduled for cardiac
surgery: ejection fraction > 30%; not in NYHA class IV heart failure

Exclusion criteria: thyroid disease; elevated serum aspartate aminotransferase or alanine aminotrans-
ferase, or gastrointestinal disorders, which may interfere with drug absorption

Type of surgery: cardiac surgery (CABG, valve, or both)

Baseline characteristics

Intervention group (metoprolol)

« Age, mean (SD): 67.5 (+ 1.8) years

« Gender, M/F:56/19
« History of MI, %: 28

« History of hypertension, %: 57
« Preoperative use of beta-blockers, n: 13

Control group (standard therapy)

« Age, mean (SD): 63.3 (+ 1.2) years

« Gender, M/F:60/13
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Skiba 2013 (continued)

« History of MI, %: 26
« History of hypertension, %: 60
« Preoperative use of beta-blockers, n: 4

Country: Australia

Setting: single centre; hospital

Interventions

Intervention group (metoprolol)

« Randomized, n=75; losses = 48 (did not receive allocated treatment); analysed, n = 27 (per-protocol);
75 (ITT)

« Details: started during surgery IV infusion of 5 mg/kg metoprolol over 5 min, then 3 subsequent doses
in next 24 h. Dose adjusted according to haemodynamic parameters; then oral administration 25-50
mg metoprolol 3 times daily (nasogastric administration if necessary, until oral therapy could be tol-
erated), adjusted according to haemodynamic parameters. At hospital discharge, metoprolol contin-
ued at the final discharge dose until follow-up

Control group (standard therapy)

« Randomized, n=73; losses = 0; analysed, n=73
« Details: standard therapy

Outcomes Outcomes measured/reported by study authors: AF, length of hospital stay; mortality (time point not
specified)
Outcomes relevant to the review: AF, length of hospital stay; mortality
Notes Funding/declarations of interest: not reported
Study dates: not reported
Note:
« study included an additional group (metoprolol plus amiodarone), which we did not include in the
review
« study authors reported a large number of losses in the metoprolol group due to treatment not be-
ing given. Study authors reported ITT analysis and per-protocol analysis. Because the losses were so
many, we used the per-protocol data in analysis. Study authors report baseline imbalances between
groups in per-protocol analysis which influenced data for AF
« we did not combine data for length of hospital stay because these were reported as median (IQR)
values. Intervention group 6 (5-7) days; control group 6 (5-7) days
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Not specified
tion (selection bias)
Allocation concealment Unclear risk Use of sealed envelopes, opened in theatre. No additional details
(selection bias)
Blinding of participants High risk Open-label
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- High risk Open-label
sessors (detection bias)
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Skiba 2013 (continued)
All outcomes

Incomplete outcome data  High risk Study authors reported a large number of losses due to treatment not being
(attrition bias) given at each time point. However, because doses were given according to
All outcomes haemodynamic parameters, the loss of participants may relate to haemody-

namic stability.

Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-
porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias
Other bias Low risk Not detected

Stephenson 1980

Methods Quasi-randomized trial, parallel design
Participants Total number of analysed participants: 223 (number of randomized participants not clearly report-
ed)

Inclusion criteria: scheduled for CABG surgery without additional cardiac surgical procedures

Exclusion criteria: cardiac arrhythmias in immediate 18 h postoperative period; bradycardia requiring
a pacemaker; low cardiac output requiring catecholamine support

Type of surgery: elective CABG
Baseline characteristics
Intervention group (propranolol)

« Age, mean: 54 years
« Gender, M/F:80/7
« Preoperative use of beta-blockers, n: 63

Control group (standard care)

+ Age, mean: 56 years
« Gender,M/F:122/14
« Preoperative use of beta-blockers, n: 86

Country: USA

Setting: single centre; hospital

Interventions Intervention group (propranolol)

« Randomized, n=unclear; losses = at least 4 (2 because of wrong dose; 2 because of bradycardia; num-
ber of other losses was not reported); analysed, n = 91 for cardiac arrhythmias (we re-included 4 ex-
cluded participants because study authors reported no cardiac arrhythmias amongst excluded par-
ticipants) (ITT analysis not used)

« Details: 10 mg propranolol every 6 h starting on 1st postoperative day
Control group (standard care)

« Randomized, n = 136; losses = we assumed no losses; analysed, n = 136
 Details: no details

Outcomes Outcomes measured/reported by study authors: postoperative cardiac arrhythmias (supraventricu-
lar and ventricular)
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Stephenson 1980 (continued)

Outcomes relevant to the review: postoperative ventricular arrhythmias; MI; bradycardia (see notes
below)

Notes Funding/declarations of interest: not reported

Study dates: not reported

Note:

« although study authors reported data for bradycardia (as a reason for excluding 2 participants in the
propranolol group), we did not include these data in analysis because we could not be certain of inci-
dences of bradycardia in the control group

Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  High risk Quasi-randomized - randomization by date of birth
tion (selection bias)
Allocation concealment High risk See above
(selection bias)
Blinding of participants High risk Open-label trial
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- High risk Open-label trial
sessors (detection bias)
All outcomes
Incomplete outcome data  High risk Number of randomized participants was unclearly reported with an unspeci-
(attrition bias) fied number of exclusions in the propranolol group. We re-included data for 4
All outcomes excluded participants in the propranolol group for arrhythmia data
Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-
porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias
Other bias Low risk Not detected
Sun 2011
Methods RCT, parallel design

Participants

Total number of randomized participants: 60

Inclusion criteria: people with rheumatic heart disease undergoing elective single mitral valve re-
placements

Exclusion criteria: not reported
Type of surgery: elective single mitral valve replacement in participants with rheumatic heart disease
Baseline characteristics not reported

Country: China
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Sun 2011 (Continued)

Setting: single centre; hospital

Interventions

Intervention group (esmolol)

« Randomized, n = unclear; losses = unclear (study authors report exclusion of 2 participants because
of cardiopericarditis without specifying group to which they belonged); analysed, n =30 (assume ITT
analysis not used)

+ Details: 1 mg/kg esmolol given during surgery
Control group (placebo)

« Randomized, n = unclear; losses = unclear (study authors report exclusion of 2 participants because
of cardiopericarditis without specifying group to which they belonged); analysed, n = 28 (assume ITT
analysis not used)

+ Details: saline given same as the intervention group

Outcomes Outcomes measured/reported by study authors: cardiac recovery after cardiopulmonary bypass as
assessed by occurrence of arrhythmias (to include AF and ventricular arrhythmias), haemodynamic pa-
rameters and vasoactive drug use
Outcomes relevant to the review: AF, ventricular arrhythmias

Notes Funding/declarations of interest: not reported
Study dates: not reported
Note:

« study reports that 60 participants were randomized and 2 participants were excluded, but number
randomized per group is not reported

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Quote: "Patients were randomly assigned to two groups by a computer pro-

tion (selection bias) gram"

Allocation concealment Low risk See above

(selection bias)

Blinding of participants Unclear risk Not specified

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Not specified

sessors (detection bias)

All outcomes

Incomplete outcome data  Low risk 2 control group participants were excluded from the study as the result of peri-

(attrition bias) carditis after randomization. It is not clear to which group these participants

All outcomes belonged, or the number of randomized participants in each group. However,

losses are <10%

Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-

porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias

Other bias Unclear risk Short report with limited information; it is not feasible to assess risks of other

bias
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Suttorp 1991

Methods

RCT, parallel design

Participants

Total number of randomized participants: 303

Inclusion criteria: people who had undergone CABG surgery without concomitant procedures (valve
replacement, ventricular aneurysmectomy or others), in sinus rhythm

Exclusion criteria: people with left ventricular ejection fraction < 40% or postoperative resting ven-
tricular rate <50 bpm; history of obstructive lung disease, recurrent or persistent ST during 1st 4 h af-
ter surgery, conduction disturbances, ventricular tachycardia or fibrillation immediately after surgery,
postoperative intra-aortic balloon pumping, inotropic support for = 6 h, renal failure, potassium ion
concentration not between 3.5 and 5.3 mmol/L, or contraindications to beta-blockers

Type of surgery: elective CABG
Baseline characteristics
Intervention group (sotalol)

« Age, mean (SD): 62 (+ 8.4) years

« Gender,M/F:121/29

« NYHA, mean (SD): 2.9 (+0.7)

« History of MI, n: 75

« Preoperative use of beta-blockers, n: 118

Control group (placebo)

« Age, mean (SD): 62 (+9.5) years

« Gender, M/F:113/37

« NYHA, mean (SD): 2.9 (+ 0.8)

« History of MI, n: 77

« Preoperative use of beta-blockers, n: 108

Country: Netherlands

Setting: single centre; hospital

Interventions

Intervention group (sotalol)

« Randomized, n = unclear; losses = unclear (loss of 3 participants but study authors do not report to
which group these participants belonged); analysed, n = 150 (ITT analysis not used)

+ Details: sotalol 40 mg every 6 h, started within 4-6 h after surgery, and continued for 6 days
Control group (placebo)

« Randomized, n = unclear; losses = unclear (loss of 3 participants but study authors do not report to
which group these participants belonged); analysed, n = 150 (ITT analysis not used)

« Details: placebo dose every 6 h same as the intervention group

Outcomes Outcomes measured/reported by study authors: supraventricular tachyarrhythmias (to include AF,
atrial tachycardia, SVT), mortality, MI (perioperative); adverse events requiring discontinuation of study
medication (to include hypotension with bradycardia)

Outcomes relevant to the review: AF, mortality, MI (perioperative); adverse events (to include hy-
potension with bradycardia)

Notes Funding/declarations of interest: not reported
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Suttorp 1991 (Continued)

Study dates: September 1989-February 1990

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Not specified

tion (selection bias)

Allocation concealment Unclear risk Not specified

(selection bias)

Blinding of participants Low risk Randomized, double-blind, placebo-controlled trial

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Not specified

sessors (detection bias)

All outcomes

Incomplete outcome data  Low risk 3 participants were excluded from analysis because of protocol violations (per-

(attrition bias) protocol analysis); 303 participants enrolled. Few losses (< 10%)

All outcomes

Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-

porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias

Other bias Unclear risk Quote: "In patients with persistent sinus tachycardia, trial medication was
stopped and treatment with a beta-blocking agent was begun".
Comment: it is unclear from the study results whether any participants had
persistent sinus tachycardia

Vecht 1986
Methods RCT, parallel design

Participants

Total number of randomized participants: 132
Inclusion criteria: people undergoing exclusive CABG surgery

Exclusion criteria: cardiogenic shock, hypotension, bradycardia, atrioventricular dissociation and
supraventricular arrhythmias occurring before randomization

Type of surgery: elective CABG
Baseline characteristics
Intervention group (timolol)

« Age, mean (range): 54.2 (38-70) years
« Gender, M/F:60/6
« Preoperative use of beta-blockers, n: 57

Control group (placebo)

« Age, mean (range): 54.0 (34-71) years
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Vecht 1986 (continued)

« Gender, M/F:61/5
« Preoperative use of beta-blockers, n: 55

Country: UK

Setting: single centre; hospital

Interventions Intervention group (timolol)

« Randomized, n = 66; losses = 0; analysed, n = 66 (use of ITT analysis was not reported)

« Details: timolol 5 mg, given orally every 12 h for 24 h then 10 mg twice daily, starting on the 1st post-
operative day. Discontinuation time point not specified

Control group (placebo)

« Randomized, n = 66; losses = 0; analysed, n = 66 (use of ITT analysis was not reported)
« Details: placebo given same as the intervention group

Outcomes Outcomes measured/reported by study authors: supraventricular tachyarrhythmias, haemodynamic
parameters

Outcomes relevant to the review: AF

Notes Funding/declarations of interest: supported by a grant from Merck, Sharp and Dohme (who supplied
study drug), and by the Leventis Foundation. We noted that one study author was an employee of Mer-
ck, Sharp and Dohme

Study dates: not reported

Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Not specified

tion (selection bias)

Allocation concealment Unclear risk Not specified
(selection bias)

Blinding of participants Low risk Randomized, double-blind, placebo-controlled trial
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Not specified
sessors (detection bias)
All outcomes

Incomplete outcome data  Low risk No apparent losses
(attrition bias)
All outcomes

Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-
porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias
Other bias Low risk Not detected
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Wenke 1999

Methods RCT, parallel group

Participants Total number of randomized participants: 200
Inclusion criteria: undergoing CABG surgery

Exclusion criteria: left ventricular ejection fraction < 30%, bronchial asthma, bradycardia, atrioventric-
ular block, with unstable circulation

Type of surgery: elective CABG
Baseline characteristics
Intervention group (metoprolol)

« Age,mean (SD): 63.17 (£ 9.2) years

« Gender,M/F:79/21

« Ejection fraction, mean (SD), %: 63.4 (+ 13.1)
» Preoperative use of beta-blockers, n: 61

Control group (standard care)

« Age, mean (SD): 6.9 (£ 9.5) years

« Gender, M/F: 75/25

o ASAstatus:n

 Ejection fraction, mean (SD), %: 62.2 (+ 14.0)
« Preoperative use of beta-blockers, n: 56

Country: Germany

Setting: single centre; hospital

Interventions Intervention group (metoprolol)

« Randomized, n =100; losses = 0; analysed, n = 100 (use of ITT analysis not reported)
« Details: metoprolol 25 mg given orally twice a day, starting on the 1st postoperative day for 10 days

Control group (standard care)

« Randomized, n = 100; losses = 0; analysed, n = 100 (use of ITT analysis not reported)
« Details: standard care

Outcomes Outcomes measured/reported by study authors: supraventricular arrhythmias, acute MI, length of
hospital stay

Outcomes relevant to the review: acute Ml, length of hospital stay

Notes Funding/declarations of interest: not reported

Study dates: January 1998-June 1998

Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Table of random numbers

tion (selection bias)

Allocation concealment Unclear risk Not specified
(selection bias)
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Wenke 1999 (continued)

Blinding of participants High risk Open-label trial
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- High risk Open-label trial
sessors (detection bias)
All outcomes

Incomplete outcome data  Low risk No apparent losses
(attrition bias)
All outcomes

Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-
porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias
Other bias Low risk Not detected

White 1984
Methods RCT, parallel design
Participants Total number of randomized participants: 41

Inclusion criteria: undergoing CABG surgery

Exclusion criteria: contraindications to beta-blockers; 2nd- or 3rd-degree atrioventricular block; rest-
ing sinus bradycardia < 56 bpm; diabetes mellitis; spontaneous hypoglycaemia; allergic rhinitis; bron-
chospasm of any cause; COPD; treatment with digitalis

Type of surgery: elective CABG
Baseline characteristics
Intervention group (timolol)

« Age, mean (SD): 55 (+ 9) years

« Gender,M/F:17/4

« Ejection fraction, mean (SD), %: 63 (+ 11)
« Preoperative use of beta-blockers, %: 100

Control group (placebo)

« Age, mean (SD): 56 (+ 10) years

« Gender, M/F:17/3

« Ejection fraction, mean (SD), %: 62 (+ 12)
« Preoperative use of beta-blockers, %: 90

Country: USA

Setting: single centre; hospital

Interventions Intervention group (timolol)

« Randomized, n =21; losses = 0; analysed, n =21 (use of ITT analysis was not reported)

« Details: existing beta-blocker therapy stopped at least 12 h before surgery; timolol 0.5 mg diluted in
10 mL saline, given IV over 1 min twice daily starting 3-7 h after surgery. When oral medication could
be given, timolol 10 mg was given twice daily for 7 days
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White 1984 (continued)

Control group (placebo)

« Randomized, n =20; losses = 0; analysed, n = 20 (use of ITT analysis was not reported)
« Details: placebo given same as intervention group

Outcomes Outcomes measured/reported by study authors: supraventricular tachyarrhythmias (to include AF),
mortality, death due to cardiac causes (Ml)

Outcomes relevant to the review: AF, mortality

Notes Funding/declarations of interest: primary author supported by Odlin Research Fellowship of the Roy-
al Australasian College of Physicians

Study dates: not reported

Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Not specified

tion (selection bias)

Allocation concealment Unclear risk Not specified
(selection bias)

Blinding of participants Low risk Randomized, placebo-controlled, double-blind trial
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Not specified
sessors (detection bias)
All outcomes

Incomplete outcome data  Low risk No apparent losses
(attrition bias)
All outcomes

Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-
porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias
Other bias Low risk Not detected

Williams 1982

Methods Quasi-randomized trial, parallel design

Participants Total number of randomized participants: 50
Inclusion criteria: scheduled for CABG surgery without additional cardiac procedures
Exclusion criteria: heart failure requiring use of intra-aortic balloon pump
Type of surgery: elective CABG
Baseline characteristics

Intervention group (propranolol)
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Williams 1982 (continued)

» Age, mean: 55.3 years
« Gender, M/F:25/3
« Preoperative use of beta-blockers, %: 89.3

Control group (standard care)

+ Age, mean: 55.3 years
« Gender, M/F:24/8
» Preoperative use of beta-blockers, %: 84.3

Country: USA

Setting: single centre; hospital

Interventions

Intervention group (propranolol)

« Randomized, n =28; losses = 0; analysed, n = 28 (we assumed that ITT analysis was not used)

« Details: propranolol 10 mg every 6 h, started at noon of the participant's 1st postoperative day until
hospital discharge

Control group (standard care)

« Randomized, n =32; losses = 0; analysed, n = 32 (we assumed that ITT analysis was not used)
« Details: standard care, no details

Outcomes Outcomes measured/reported by study authors: postoperative arrhythmias (supraventricular and
ventricular, to include AF)
Outcomes relevant to the review: ventricular arrhythmias, AF

Notes Funding/declarations of interest: not reported
Study dates: not reported

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-
tion (selection bias)

High risk Quote: "Patients were randomised by odd or even birthdate"

Comment: quasi-randomization

Allocation concealment
(selection bias)

High risk See above

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Open-label trial

Blinding of outcome as-
sessors (detection bias)
All outcomes

High risk Open-label trial

Incomplete outcome data
(attrition bias)
All outcomes

Low risk 5 participants were excluded from analysis because of postoperative heart fail-
ure requiring IABP perioperatively, which we assumed to be an a priori exclu-
sion criteria; we have not included these in the overall number of randomized
participants
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Williams 1982 (continued)

Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-
porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias
Other bias Low risk Not detected

Yazicioglu 2002

Methods RCT, parallel design

Participants Total number of randomized participants: 80
Inclusion criteria: people who had undergone elective CABG surgery

Exclusion criteria: undergone re-operation, concomitant valve surgery, ventricular aneurysm resec-
tion or other major cardiac procedures; 2nd- or 3rd-degree atrioventricular block; bradycardia; asthma
necessitating bronchodilator therapy; COPD; history of preoperative AF and AF episodes; diabetes mel-
litus; renal failure; left ventricular aneurysm; left ventricular ejection fraction < 30%; needing inotropic
support preoperatively

Type of surgery: elective CABG surgery
Baseline characteristics
Intervention group (atenolol)

« Age, mean (SD): 57.1 (+ 7.3) years

« Gender,M/F:32/8

« History of MI, n: 4

« History of hypertension, n: 12

« Ejection fraction, mean (SD), %: 52 (+ 6.1)

Control group (placebo)

« Age, mean (SD): 55.3 (+ 8.1) years

« Gender, M/F:30/10

+ History of MI, n: 5

« History of hypertension, n: 9

« Ejection fraction, mean (SD), %: 50 (+ 5.7)

Country: Turkey

Setting: single centre; hospital

Interventions Intervention group (atenolol)

« Randomized, n = 40; losses = 1 (excluded due to death; we re-included this participant in data for
mortality); analysed, n = 39 (except for mortality, for which we included 40 participants in analysis)

« Details: 50 mg atenolol, given orally, starting 3 days before surgery and maintained with the same
dose after surgery

Control group (placebo)

« Randomized, n = 40; losses = 0; analysed, n =40
« Details: placebo, given the same as the intervention group

Outcomes Outcomes measured/reported by study authors: mortality (due to stroke); AF, return to sinus
rhythm, HR, side effects (to include bradycardia and hypotension)
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Yazicioglu 2002 (Continued)

Outcomes relevant to the review: mortality; AF

Notes Funding/declarations of interest: not reported
Study dates: March 1999-December 1999
Notes:

« study included additional groups (digoxin; atenolol + digoxin), which we did not include in the review

« wedid notinclude data for bradycardia and hypotension in analysis because we could not be certain
whether these data were measured in participants in all groups. 12 participants in the atenolol group
had bradycardia, of whom 9 also had hypotension.

Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Not specified

tion (selection bias)

Allocation concealment Unclear risk Not specified
(selection bias)

Blinding of participants Unclear risk Although study includes a placebo, it is not reported whether anaesthetists
and personnel (perfor- were blinded to study drugs
mance bias)

All outcomes

Blinding of outcome as- Unclear risk Not specified
sessors (detection bias)
All outcomes

Incomplete outcome data  Low risk 1 participant in the intervention group was excluded from further analysis due
(attrition bias) to death. We re-included this participant in analysis of mortality.
All outcomes

Selective reporting (re- Unclear risk Study authors did not report prospective clinical trial registration or publica-
porting bias) tion of a protocol. It was not feasible to effectively assess risk of reporting bias
Other bias Low risk Not detected

2D: two-dimensional; ACE inhibitor: angiotensin-converting-enzyme inhibitor; AF: atrial fibrillation; AMI: acute myocardial infarction;
ASA: American Society of Anesthesiologists; bpm: beats per minute; BP: blood pressure; CABG: coronary artery bypass graft; COPD:
chronic obstructive pulmonary disease; CPB: cardiopulmonary bypass; CVA: cerebrovascular accident; ECG: electrocardiogram; GA:
general anaesthesia; Gl: gastrointestinal; HR: heart rate; 1AB: intra-aortic balloon; IABP: intra-aortic balloon pump; ICU: intensive care unit;
IQR: interquartile range; ITT: intention-to-treat; IV: intravenous(ly); LSD: lysergic acid diethylamide; MACE: major adverse cardiovascular
event; M/F: male/female; MI: myocardial infarction; NIH: National Institutes of Health; NYHA: New York Heart Association; PCWP:
pulmonary capillary wedge; pressure; Q waves: name given to a wave on an electrocardiogram; QRS: a measure of three waves on an
electrocardiogram; QTc: corrected QT interval; QT: interval measurement on an electrocardiogram; RCT: randomized controlled trial; SBP:
systolic blood pressure; SD: standard deviation; SE: standard error; SEM: standard error of the mean; ST segment: a period between waves
on an electrocardiogram; SVA: supraventricular arrhythmia; SVT: supraventricular tachycardia; TIA: transient ischaemic attack

Characteristics of excluded studies [ordered by study ID]
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Study

Reason for exclusion

De Bruijn 1987

RCT, adults undergoing CABG surgery. Esmolol vs 5% dextrose in water. Study does not measure or
report outcomes relevant to the review

Deng 2002 RCT, beating heart surgery with cardiopulmonary bypass. Esmolol vs standard care. Study does not
measure or report outcomes relevant to the review

Efe 2014 RCT, adults undergoing CABG surgery. Esmolol 0.5 mg/kg/min vs 1.5 mg/kg/min vs control. Study
does not measure or report outcomes relevant to the review

Fujii 2012 RCT, adults undergoing CABG surgery. Landiolol vs control. We excluded this study because partici-

pants in both groups were given oral carvedilol 2.5-5 mg/day postoperatively.

Hamaguchi 2014

RCT, adults undergoing CABG surgery. Landiolol vs control. We excluded this study because both
groups also received catecholamines with all participants in the control group receiving a lower
dose with the intention of reducing heart rate; therefore, different doses of catecholamines may in-
fluence the results.

Imren 2007

RCT, adults undergoing CABG surgery. Metoprolol vs placebo. We excluded this study because all
participants in both groups were also given esmolol to reduce heart rate.

Newsome 1986

RCT, adults undergoing CABG surgery. Esmolol vs placebo. Study does not measure or report out-
comes relevant to the review

O'Dwyer 1993

RCT, adults undergoing CABG surgery. Esmolol vs placebo. Study does not measure or report out-
comes relevant to the review

Rees 2015

RCT, adults undergoing CABG surgery. Sotalol vs placebo. We excluded this study because the inter-
vention group were also given magnesium.

Sezai 2015

RCT, landiolol vs control. We excluded this study because we noted that participants in both groups
were given an oral beta-blocker as soon as oral treatment was tolerated, which continued during
period of outcome assessment, and therefore standard treatment included beta-blocker treat-
ment.

Tempe 1999

RCT, adults undergoing CABG surgery. Esmolol vs placebo. Study does not measure or report out-
comes relevant to the review

Yazicioglu 2012

RCT, adults undergoing CABG surgery. Esmolol vs placebo. Study does not measure or report out-
comes relevant to the review

CABG: coronary artery bypass graft; RCT: randomized controlled trial

Characteristics of studies awaiting assessment [ordered by study ID]

Bozotlan 2013

Methods

RCT, parallel design

Participants

Total number of randomized participants: 32

Inclusion criteria: adults undergoing CABG

Interventions

Esmolol infusion for 24 h after cross-clamp removal vs control (not described)

Outcomes

Outcomes measured/reported by study authors: troponin-1; AF
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Outcomes relevant to the review: AF

Notes Study published as an abstract with insufficient information to fully assess eligibility and extract
outcome data. We await publication of the full report to assess eligibility
Ishigaki 2012
Methods RCT, parallel design

Participants

Total number of randomized participants: 49
Inclusion criteria: people with drug-resistant AF, undergoing catheter ablation

Country: Japan

Interventions

Landiolol vs placebo, given after the procedure and continued for 3 days

Outcomes Outcomes measured/reported by study authors: haemodynamic variables; AF
Outcomes relevant to the review: AF
Notes Study published as an abstract with insufficient information to fully assess eligibility. We await
publication of the full report to assess eligibility
NCT00959569
Methods RCT, parallel design

Participants

Anticipated number of randomized participants: 200

Inclusion criteria: undergoing cardiac surgery end diastolic diameter > 60 mm and/or an ejection
fraction <50%; written informed consent; >18 years of age

Exclusion criteria: previous unusual response to esmolol; inclusion in other randomized studies;
esmolol administration in the previous 30 days; emergency operation

Country: Italy

Setting: hospital; single centre

Interventions

Esmolol, 1-3 mg/kg during cardiac surgery vs placebo

Outcomes Outcomes measured by study authors: composite endpoint of mortality or number of partici-
pants requiring prolonged ICU stay, or both; ventricular fibrillation; low cardiac output syndrome;
need for inotropic support; peak postoperative cardiac troponin levels
Outcomes relevant to the review: mortality

Notes Study is completed. Awaiting publication of study results in order to assess eligibility for the review

PACTR201801003026226
Methods RCT, parallel design

Perioperative beta-blockers for preventing surgery-related mortality and morbidity in adults undergoing cardiac surgery (Review)
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PACTR201801003026226 (Continued)

Participants

Anticipated number of randomized participants: 70

Inclusion criteria: 18-70 years of age; people with rheumatic heart disease undergoing valve re-
placement therapy

Exclusion criteria: with pericarditis

Country: Egypt

Interventions

Esmolol vs normal saline

Outcomes

Outcomes measured by study authors: recovery time; ventricular fibrillation

Notes

Study is completed. Awaiting publication of study results in order to assess eligibility for the review

AF: atrial fibrillation; ASA: American Society of Anesthesiologists; BIS: bispectral index; RCT: randomized controlled trial

Characteristics of ongoing studies [ordered by study ID]

Chictr-ior-16009203

Trial name or title

Perioperative esmolol injection and acute kidney injury associated with CPB after cardiac surgery

Methods

RCT, parallel design

Participants

Anticipated number of randomized participants: 144

Inclusion criteria: = 18 years of age; undergoing heart surgery, CABG with CPB, valve surgery with
CPB, CABG with other heart surgery, valve surgery with other heart surgery; agreement to partici-
pate

Exclusion criteria: emergency heart surgery; heart surgery without CPB; heart surgery with deep
hypothermia; ascending aortic surgery; correction of congenital heart disease; allergy to esmolol;
liver and kidney dysfunction; severe dehydration and severe malnutrition or Hb < 10 g/dL; mental
or other reasons; participating in other clinical drug research in the past 3 months; cardiac shock or
placement of IABP

Country: China

Setting: hospital

Interventions

o Esmolol 50 pg/kg/min given at the beginning of anaesthesia, then 100 ug/kg/min given at transfer
to the cardiac care unit

« 0.9% normal saline

Outcomes

Acute kidney injury; mortality at 30 days

Starting date

Not specified

Contact information

Aijun XU; ajxu@tjh.tjimu.edu.cn

Notes

Perioperative beta-blockers for preve
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UMIN000004216

Trial name or title

Efficacy of beta-blocker on the autonomic nervous activities and the onset of atrial fibrillation or
flutter in patients after cardiac surgery

Methods

RCT, parallel design

Participants

Anticipated number of randomized participants: 60
Inclusion criteria: undergoing cardiac surgery

Exclusion criteria: chronic or paroxysmal atrial fibrillation; receiving antiarrhythmic agents: Ia, llc
and IV groups; sick sinus syndrome; > 2nd-degree atrioventricular block: ejection fraction < 30%;
bronchial asthma; receiving beta-blockers

Country: Japan

Setting: hospital; single centre

Interventions

« Landiolol hydrochloride administration, 5 pg/kg/min, IV given immediately after surgery up to 2
days after initiation of administration of carvedilol

« Oral carvedilol administration, 2.5 mg/day, up to 7 days after surgery
« Standard care

Outcomes

AF/flutter; changes to HR

Starting date

1 November 2009

Contact information

Kazuma Kanetsuki; kkazuma@med.shimane-u.ac.jp

Notes

AF: atrial fibrillation; CABG: coronary artery bypass; CPB: cardiopulmonary bypass; HR: heart rate; IABP: intra-aortic balloon pump; IV:
intravenous(ly); RCT: randomized controlled trial

DATA AND ANALYSES

Comparison 1. Beta-blocker vs control for cardiac surgery

Outcome or subgroup title No. of No. of Statistical method Effect size
studies partici-
pants
1 All-cause mortality (30 days) 29 4099 Risk Ratio (M-H, Random, 95% CI)  0.95[0.47, 1.90]
2 Long-term mortality 3 511 Risk Ratio (M-H, Random, 95% Cl)  0.90[0.29, 2.79]
3 Death due to cardiac causes 4 320 Risk Ratio (M-H, Random, 95% Cl)  0.84[0.14,5.19]
4 Acute myocardial infarction 25 3946 Risk Ratio (M-H, Random, 95% CI)  1.05[0.72, 1.52]
5 Cerebrovascular events 5 1471 Risk Ratio (M-H, Random, 95% CI)  1.37[0.51, 3.67]
6 Ventricular arrhythmias 12 2296 Risk Ratio (M-H, Random, 95% CI)  0.40 [0.25, 0.63]
7 Atrial fibrillation or flutter, or both 40 5650 Risk Ratio (M-H, Random, 95% CI)  0.50 [0.42, 0.59]
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Outcome or subgroup title No. of No. of Statistical method Effect size
studies partici-
pants

8 Bradycardia 12 1640 Risk Ratio (M-H, Random, 95% Cl)  1.63[0.92,2.91]

9 Hypotension 10 1538 Risk Ratio (M-H, Random, 95% CI)  1.84[0.89, 3.80]
10 Congestive heart failure 3 311 Risk Ratio (M-H, Random, 95% Cl)  0.22[0.04, 1.36]
11 Length of hospital stay (in days) 14 2450 Mean Difference (IV, Random, -0.54[-0.90,-0.19]

95% Cl)

Analysis 1.1. Comparison 1 Beta-blocker vs control for cardiac surgery, Outcome 1 All-cause mortality (30 days).

Study or subgroup Beta-blocker Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
Abel 1983 1/50 3/50 A 9.81% 0.33[0.04,3.1]
Ali 1997 0/105 1/105 + 4.79% 0.33[0.01,8.09]
Auer 2004 1/127 0/66 + 4.8% 1.57[0.06,38.02]
Bert 2001 0/71 0/60 Not estimable
Connolly 2003 0/500 0/500 Not estimable
Cork 1995 1/16 0/14 + 4.99% 2.65[0.12,60.21]
De Azevedo Llicio 2003 2/100 1/100 R 8.58% 2[0.18,21.71]
Evrard 2000 1/103 1/103 6.41% 1[0.06,15.77]
Forlani 2002 0/51 0/50 Not estimable
Gomes 1999 0/40 1/45 + 4.84% 0.37[0.02,8.93]
Hammon 1984 0/24 0/26 Not estimable
Ivey 1983 0/53 0/56 Not estimable
Janssen 1986 0/80 0/50 Not estimable
Liu 2016 0/12 0/12 Not estimable
Martinussen 1988 0/35 0/40 Not estimable
Matangi 1985 1/82 1/82 6.42% 1[0.06,15.72]
Matsuura 2001 0/40 0/40 Not estimable
Mohr 1981 0/37 1/48 + 4.84% 0.43[0.02,10.26]
Myhre 1984 1/21 0/20 + 4.93% 2.86[0.12,66.44]
Neto 2013 1/35 1/33 6.54% 0.94[0.06,14.47]
Nystrom 1993 0/50 0/51 Not estimable
Oka 1980 0/19 1/35 + 4.9% 0.6[0.03,14.05]
Paull 1997 0/50 0/50 Not estimable
Sezai 2011 0/70 2/70 < 5.35% 0.2[0.01,4.09]
Sezai 2012 1/67 1/34 + 6.49% 0.51[0.03,7.87]
Skiba 2013 1/27 1/73 + 6.51% 2.7[0.18,41.72]
Suttorp 1991 0/150 0/150 Not estimable
White 1984 1/21 0/20 + 4.93% 2.86[0.12,66.44]
Yazicioglu 2002 1/40 0/40 + 4.85% 3[0.13,71.51]
Total (95% CI) 2076 2023 - 100% 0.95[0.47,1.9]
Total events: 13 (Beta-blocker), 15 (Control)
Heterogeneity: Tau?=0; Chi*=6.05, df=16(P=0.99); 1>=0%
Test for overall effect: Z=0.16(P=0.87)

Favours beta-blocker ~ 0-01 0.1 1 10 100 Favours control
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Analysis 1.2. Comparison 1 Beta-blocker vs control for cardiac surgery, Outcome 2 Long-term mortality.

Study or subgroup Beta-blocker Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
Bignami 2017 3/21 2/25 —— 44.67% 1.79[0.33,9.7]
Gandhi 2007 2/67 3/74 —— 41.38% 0.74[0.13,4.27]
Serruys 2000 0/169 2/155 4 + 13.95% 0.18[0.01,3.79]
Total (95% Cl) 257 254 o 100% 0.9[0.29,2.79]

Total events: 5 (Beta-blocker), 7 (Control)
Heterogeneity: Tau?=0; Chi*=1.78, df=2(P=0.41); 1>=0%
Test for overall effect: Z=0.18(P=0.86)

Favours beta-blocker ~ 0-01 0.1 1 10 100 Favours control

Analysis 1.3. Comparison 1 Beta-blocker vs control for cardiac surgery, Outcome 3 Death due to cardiac causes.

Study or subgroup Beta-blocker Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
Gomes 1999 0/40 0/45 Not estimable
Oka 1980 0/19 1/35 = 33.48% 0.6[0.03,14.05]
Sezai 2011 0/70 1/70 = 32.85% 0.33[0.01,8.04]
White 1984 1/21 0/20 = 33.68% 2.86[0.12,66.44]
Total (95% Cl) 150 170 e 100% 0.84[0.14,5.19]
Total events: 1 (Beta-blocker), 2 (Control)
Heterogeneity: Tau?=0; Chi?=0.95, df=2(P=0.62); 1>=0%
Test for overall effect: Z=0.19(P=0.85)

Favours beta-blocker ~ 0-01 0.1 1 10 100 Favours control

Analysis 1.4. Comparison 1 Beta-blocker vs control for cardiac surgery, Outcome 4 Acute myocardial infarction.

Study or subgroup Beta-blocker Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
Abel 1983 2/50 2/50 R 3.8% 1[0.15,6.82]
Ali 1997 5/105 3/105 s a— 7.09% 1.67[0.41,6.8]
Babin-Ebell 1996 1/33 1/37 + 1.88% 1.12[0.07,17.22]
Bert 2001 1/71 3/60 —t—T 2.8% 0.28[0.03,2.64]
Connolly 2003 10/500 5/500 B a— 12.31% 2[0.69,5.81]
Daudon 1986 1/50 1/50 1.86% 1[0.06,15.55]
Evrard 2000 0/103 0/103 Not estimable
Forlani 2002 0/51 0/50 Not estimable
Hammon 1984 0/24 2/26 + 1.57% 0.22[0.01,4.28]
Jacquet 1994 0/19 1/17 + 1.42% 0.3[0.01,6.91]
Khuri 1987 0/67 1/74 + 1.38% 0.37[0.02,8.87]
Martinussen 1988 2/35 1/40 — Tt 2.52% 2.29[0.22,24.14]
Matangi 1985 4/82 5/82 — 8.56% 0.8[0.22,2.87]
Matangi 1989 4/35 3/35 — Tt 6.93% 1.33[0.32,5.53]
Favours beta-blocker ~ 0.01 0.1 1 10 100 Favours control
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Study or subgroup Beta-blocker Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
Mohr 1981 0/37 2/48 + 1.55% 0.26[0.01,5.21]
Myhre 1984 1/16 1/20 1.93% 1.25[0.08,18.46]
Neustein 1994 0/16 0/22 Not estimable
Nicolson 1990 0/17 1/14 1.43% 0.28[0.01,6.33]
Oka 1980 0/19 4/35 1.7% 0.2[0.01,3.53]
Serruys 2000 5/169 5/155 . m— 9.4% 0.92[0.27,3.11]
Sezai 2012 2/67 0/34 1.55% 2.57[0.13,52.15]
Silverman 1982 5/50 6/50 I — 11.16% 0.83[0.27,2.55]
Stephenson 1980 3/87 5/136 e E— 7.08% 0.94[0.23,3.83]
Suttorp 1991 1/150 1/150 1.83% 1[0.06,15.84]
Wenke 1999 8/100 4/100 [ — 10.27% 2[0.62,6.43]
Total (95% CI) 1953 1993 L 4 100% 1.05[0.72,1.52]
Total events: 55 (Beta-blocker), 57 (Control)
Heterogeneity: Tau?=0; Chi*=10.58, df=21(P=0.97); 1>=0%
Test for overall effect: Z=0.24(P=0.81) ‘ ‘ ‘ ‘

Favours beta-blocker ~ 0.01 0.1 1 10 100 Favours control

Analysis 1.5. Comparison 1 Beta-blocker vs control for cardiac surgery, Outcome 5 Cerebrovascular events.

Study or subgroup Beta-blocker Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
Auer 2004 0/127 2/66 4 10.67% 0.1[0.01,2.15]
Connolly 2003 7/500 3/500 —|—— 53.7% 2.33[0.61,8.97]
Matangi 1989 1/35 0/35 - 9.71% 3[0.13,71.22]
Neto 2013 1/35 1/33 13.06% 0.94[0.06,14.47]
Sezai 2011 1/70 1/70 12.86% 1[0.06,15.67]
Total (95% CI) 767 704 - 100% 1.37[0.51,3.67]
Total events: 10 (Beta-blocker), 7 (Control)
Heterogeneity: Tau?=0; Chi*=3.79, df=4(P=0.44); 1>=0%
Test for overall effect: Z=0.62(P=0.53)

Favours beta-blocker ~ 0-01 0.1 1 10 100 Favours control

Analysis 1.6. Comparison 1 Beta-blocker vs control for cardiac surgery, Outcome 6 Ventricular arrhythmias.
Study or subgroup Beta-blocker Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
Abel 1983 2/41 4/50 e 7.82% 0.61[0.12,3.16]
Auer 2004 3/125 2/65 —_—— 6.81% 0.78[0.13,4.55]
Connolly 2003 2/500 7/500 —_—— 8.64% 0.29[0.06,1.37]
Hammon 1984 5/24 11/26 —a— 26.19% 0.49[0.2,1.21]
Harrison 1987 4/15 11/15 —— 26.59% 0.36[0.15,0.89]
Matangi 1985 1/82 7/82 e 4.94% 0.14[0.02,1.14]
Matangi 1989 0/35 0/35 Not estimable
Nystrom 1993 0/50 0/51 Not estimable
Pfisterer 1997 2/126 0/129 } 2.31% 5.12[0.25,105.56]
Favours beta-blocker ~ 0-01 0.1 1 10 100 Favours control
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Study or subgroup Beta-blocker Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
Stephenson 1980 2/91 7/136 — 8.84% 0.43[0.09,2.01]
Sun 2011 1/30 9/28 —_—t 5.3% 0.1[0.01,0.77]
Williams 1982 0/28 4/32 4 + 2.56% 0.13[0.01,2.25]
Total (95% Cl) 1147 1149 <o 100% 0.4[0.25,0.63]
Total events: 22 (Beta-blocker), 62 (Control)
Heterogeneity: Tau?=0; Chi*=7.34, df=9(P=0.6); I>=0%
Test for overall effect: Z=3.94(P<0.0001) ‘ ‘ ‘ ‘

Favours beta-blocker ~ 0-01 0.1 1 10 100 Favours control
Analysis 1.7. Comparison 1 Beta-blocker vs control for cardiac

surgery, Outcome 7 Atrial fibrillation or flutter, or both.
Study or subgroup Beta-blocker Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
Abel 1983 6/41 18/50 — 2.42% 0.41[0.18,0.93]
Ali 1997 18/105 40/105 — 4.08% 0.45[0.28,0.73]
Auer 2004 45/127 35/66 —+ 5.1% 0.67[0.48,0.93]
Connolly 2003 156/500 195/500 + 6% 0.8[0.67,0.95]
Cork 1995 1/15 0/14 + 0.26% 2.81[0.12,63.83]
Daudon 1986 0/50 20/50 ‘—‘7 0.33% 0.02[0,0.39]
De Azevedo Llicio 2003 11/100 24/100 — 3.13% 0.46[0.24,0.88]
Dy 1998 10/67 24/66 — 3.15% 0.41[0.21,0.79]
Evrard 2000 16/103 47/103 — 4.01% 0.34[0.21,0.56]
Forlani 2002 6/51 19/50 —t 2.4% 0.31[0.13,0.71]
Gomes 1999 5/40 17/45 —t 2.16% 0.33[0.13,0.82]
Graham 1996 38/213 30/107 —+ 4.51% 0.64[0.42,0.97]
Janssen 1986 7/80 17/50 — 2.49% 0.26[0.11,0.58]
Lamb 1988 1/30 10/30 —_— 0.6% 0.1[0.01,0.73]
Liu 2016 8/12 7/12 —— 3.3% 1.14[0.61,2.13]
Martinussen 1988 11/35 7/40 -t 2.4% 1.8[0.78,4.13]
Matangi 1985 8/82 17/82 — 2.58% 0.47[0.22,1.03]
Materne 1985 2/32 14/39 s — 1.11% 0.17[0.04,0.71]
Matsuura 2001 6/40 15/40 —t 2.37% 0.4[0.17,0.93]
Neto 2013 1/35 3/33 —_— 0.5% 0.31[0.03,2.87]
Nystréom 1993 5/50 15/51 — 2.06% 0.34[0.13,0.87]
Ogawa 2013 13/68 25/68 —+ 3.54% 0.52[0.29,0.93]
Ormerod 1984 4/27 9/33 —t 1.72% 0.54[0.19,1.57]
Osada 2012 3/73 17/68 —_—t 1.46% 0.16[0.05,0.54]
Paull 1997 12/50 13/50 —— 3.03% 0.92[0.47,1.82]
Pfisterer 1997 29/126 52/129 —+ 4.74% 0.57[0.39,0.84]
Rubin 1987 6/37 15/40 — 2.39% 0.43[0.19,1]
Sakaguchi 2012 6/30 16/30 — 2.55% 0.38[0.17,0.83]
Salazar 1979 2/20 1/22 —_— T 0.46% 2.2[0.22,22.45]
Sezai 2011 7/70 24/70 — 2.62% 0.29[0.13,0.63]
Sezai 2012 8/67 12/34 e 2.54% 0.34[0.15,0.75]
Silverman 1982 3/50 14/50 —_— 1.46% 0.21[0.07,0.7]
Skiba 2013 7/27 25/73 —+ 2.88% 0.76[0.37,1.54]
Stephenson 1980 7/91 24/136 — 2.52% 0.44[0.2,0.97]

Favours beta-blocker ~ 0-01 0.1 1 10 100 Favours control
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Study or subgroup Beta-blocker Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
Sun 2011 10/30 11/28 — 3.01% 0.85[0.43,1.68]
Suttorp 1991 24/150 45/150 — 4.36% 0.53[0.34,0.83]
Vecht 1986 5/66 7/66 —tT 1.64% 0.71[0.24,2.14]
White 1984 3/21 7/20 —t 1.42% 0.41[0.12,1.36]
Williams 1982 1/28 6/32 —_— 0.57% 0.19[0.02,1.49]
Yazicioglu 2002 6/39 10/40 —tT 2.13% 0.62[0.25,1.53]
Total (95% CI) 2878 2772 ¢ 100% 0.5[0.42,0.59]
Total events: 517 (Beta-blocker), 907 (Control)
Heterogeneity: Tau?=0.11; Chi*=79.81, df=39(P=0); 1?=51.13%
Test for overall effect: Z=8.38(P<0.0001) ‘ ‘ ‘ ‘

Favours beta-blocker ~ 0.01 0.1 1 10 100 Favours control

Analysis 1.8. Comparison 1 Beta-blocker vs control for cardiac surgery, Outcome 8 Bradycardia.
Study or subgroup Beta-blocker Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
Auer 2004 18/125 2/65 —_— 13.13% 4.68[1.12,19.55]
Babin-Ebell 1996 1/33 0/37 + 3.17% 3.35[0.14,79.59]
But 2006 1/15 0/15 + 3.25% 3[0.13,68.26]
Cork 1995 0/15 0/14 Not estimable
Gomes 1999 1/40 0/45 + 3.16% 3.37[0.14,80.36]
Hammon 1984 8/24 8/26 —— 29.07% 1.08[0.48,2.43]
Matangi 1989 0/35 1/35 + 3.17% 0.33[0.01,7.91]
Ogawa 2013 10/68 9/68 —— 27.96% 1.11[0.48,2.56]
Pfisterer 1997 4/126 2/129 s — 10.05% 2.05[0.38,10.98]
Serruys 2000 11/169 0/155 4‘—’ 3.94% 21.11[1.25,355.18]
Sezai 2012 0/67 0/34 Not estimable
Suttorp 1991 0/150 1/150 + 3.12% 0.33[0.01,8.12]
Total (95% Cl) 867 773 o 100% 1.63[0.92,2.91]
Total events: 54 (Beta-blocker), 23 (Control)
Heterogeneity: Tau?=0.13; Chi*>=10.65, df=9(P=0.3); 1>=15.51%
Test for overall effect: Z=1.67(P=0.1)
Favours beta blocker ~ 0-01 0.1 1 10 100 Favours control

Analysis 1.9. Comparison 1 Beta-blocker vs control for cardiac surgery, Outcome 9 Hypotension.
Study or subgroup Beta-blocker Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
Auer 2004 1/125 2/65 _— 9.33% 0.26[0.02,2.81]
But 2006 3/15 1/15 — 11.48% 3[0.35,25.68]
Gomes 1999 1/40 0/45 ' 5.26% 3.37[0.14,80.36]
Khuri 1987 3/67 2/74 — 17.11% 1.66[0.29,9.61]
Matangi 1989 2/35 2/35 14.61% 1[0.15,6.71]
Pfisterer 1997 1/126 1/129 6.94% 1.02[0.06,16.19]
Salazar 1979 2/20 0/22 + ) 5.97% 5.48[0.28,107.62]
Favours beta-blocker ~ 0.01 0.1 1 10 100 Favours control
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Study or subgroup Beta-blocker Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
Serruys 2000 12/169 2/155 s — 24.12% 5.5[1.25,24.2]
Sezai 2012 0/67 0/34 Not estimable
Suttorp 1991 0/150 1/150 5.19% 0.33[0.01,8.12]
Total (95% CI) 814 724 - 100% 1.84[0.89,3.8]
Total events: 25 (Beta-blocker), 11 (Control)
Heterogeneity: Tau?=0; Chi*=7.28, df=8(P=0.51); 1>=0%
Test for overall effect: Z=1.64(P=0.1) ‘ ‘ ‘ ‘

Favours beta-blocker ~ 0.01 0.1 1 10 100 Favours control

Analysis 1.10. Comparison 1 Beta-blocker vs control for cardiac surgery, Outcome 10 Congestive heart failure.

Study or subgroup Beta-blocker Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
Matangi 1989 0/35 1/35 = 32.3% 0.33[0.01,7.91]
Sezai 2011 0/70 2/70 ‘—.—— 35.56% 0.2[0.01,4.09]
Sezai 2012 0/67 1/34 ‘—.—— 32.15% 0.17[0.01,4.1]
Total (95% Cl) 172 139 e 100% 0.22[0.04,1.36]
Total events: 0 (Beta-blocker), 4 (Control)
Heterogeneity: Tau?=0; Chi*=0.09, df=2(P=0.95); 1>=0%
Test for overall effect: Z=1.63(P=0.1)

Favours beta-blocker ~ 0-01 0.1 1 10 100 Favours control

Analysis 1.11. Comparison 1 Beta-blocker vs control for
cardiac surgery, Outcome 11 Length of hospital stay (in days).

Study or subgroup Beta-blocker Control Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI
Auer 2004 125 11.3(7) 65 13.1(89) 4 1.83% -1.8[-4.29,0.69]
Bert 2001 71 8(2.3) 60 8(2.9) —_— 8.57% 0[-0.91,0.91]
Booth 2004 33 5.1(0.3) 39 5.8(0.2) + 19.22% -0.7[-0.82,-0.58]
But 2006 15 7.5(2.1) 15 8.1(1.9) _ 4.65% -0.6[-2.03,0.83]
Connolly 2003 500 6.5(3.8) 500 6.3(2.5) — 15.73% 0.2[-0.2,0.6]
Cork 1995 15 7.6(3.9) 14 8426 4 1.96% -0.8[-3.2,1.6]
Forlani 2002 51 5.6 (1.4) 50 5.9 (1.7) —_— 12.44% -0.3[-0.91,0.31]
Gomes 1999 40 7(2) 45 8 (4) _ 5.25% -1[-2.32,0.32]
Jacquet 1994 19 10 (1.5) 17 10.2 (1.7) —_— 7.18% -0.2[-1.25,0.85]
Matsuura 2001 40 21 (4) 40 2(11) 4 * 0.91% -1[-4.63,2.63]
Pfisterer 1997 126 10 (4) 129 10.4 (3.2) —_— 8.76% -0.4[-1.29,0.49]
Sezai 2011 70 11.2 (4.9) 70 1476 4¢—— 2.44% -2.8[-4.92,-0.68]
Sezai 2012 67 11.5 (5) 34 12209 4 + 1.12% -0.7[-3.95,2.55]
Wenke 1999 100 8.4 (2.8) 100 9.8 (2.9) —_— 9.95% -1.41[-2.2,-0.62]
Total *** 1272 1178 o 100% -0.54[-0.9,-0.19]
Heterogeneity: Tau?=0.17; Chi*=30.82, df=13(P=0); 1>=57.82%
Test for overall effect: Z=3.02(P=0)
Favours beta-blocker 2 -1 0 1 2 Favours control
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Comparison 2. Beta-blocker vs control for cardiac surgery: subgroup by type of beta-blocker

Outcome or subgroup No. of No. of Statistical method Effect size
title studies partici-

pants
1 All-cause mortality (30 28 3889 Risk Ratio (M-H, Random, 95% Cl) 1.00[0.49, 2.04]
days)
1.1 Metoprolol 7 1627 Risk Ratio (M-H, Random, 95% Cl) 1.72[0.44, 6.69]
1.2 Propranolol 9 809 Risk Ratio (M-H, Random, 95% Cl) 0.67[0.19, 2.37]
1.3 Sotalol 8 1037 Risk Ratio (M-H, Random, 95% CI) 0.65[0.08, 5.25]
1.4 Esmolol 2 54 Risk Ratio (M-H, Random, 95% Cl) 2.65[0.12,60.21]
1.5 Timolol 1 41 Risk Ratio (M-H, Random, 95% Cl) 2.86[0.12, 66.44]
1.6 Landiolol 2 241 Risk Ratio (M-H, Random, 95% Cl) 0.33[0.04, 2.53]
1.7 Atenolol 1 80 Risk Ratio (M-H, Random, 95% CI) 3.00[0.13,71.51]
2 Acute myocardial in- 23 3412 Risk Ratio (M-H, Random, 95% CI) 1.02[0.68, 1.54]
farction
2.1 Metoprolol 2 1200 Risk Ratio (M-H, Random, 95% Cl) 2.0[0.91,4.40]
2.2 Propranolol 11 1088 Risk Ratio (M-H, Random, 95% Cl) 0.76[0.43,1.32]
2.3 Sotalol 4 643 Risk Ratio (M-H, Random, 95% Cl) 0.59[0.07, 4.70]
2.4 Esmolol 2 69 Risk Ratio (M-H, Random, 95% CI) 0.28[0.01, 6.33]
2.5 Nadolol 1 141 Risk Ratio (M-H, Random, 95% Cl) 0.37[0.02, 8.87]
2.6 Landiolol 1 101 Risk Ratio (M-H, Random, 95% Cl) 2.57[0.13, 52.15]
2.7 Acebutolol 1 100 Risk Ratio (M-H, Random, 95% Cl) 1.0[0.06, 15.55]
2.8 Atenolol 1 70 Risk Ratio (M-H, Random, 95% Cl) 1.33[0.32,5.53]
3 Ventricular arrhythmias 12 2296 Risk Ratio (M-H, Random, 95% Cl) 0.39[0.25, 0.63]
3.1 Metoprolol 2 1094 Risk Ratio (M-H, Random, 95% Cl) 0.26 [0.06, 1.06]
3.2 Propranolol 5 592 Risk Ratio (M-H, Random, 95% Cl) 0.41[0.21,0.79]
3.3 Sotalol 3 452 Risk Ratio (M-H, Random, 95% Cl) 2.38[0.40, 14.27]
3.4 Esmolol 2 88 Risk Ratio (M-H, Random, 95% CI) 0.26 [0.08, 0.84]
3.5 Atenolol 1 70 Risk Ratio (M-H, Random, 95% Cl) 0.0[0.0, 0.0]
4 Atrial fibrillation and 39 5440 Risk Ratio (M-H, Random, 95% Cl) 0.51[0.43, 0.60]

flutter

Perioperative beta-blockers for preventing surgery-related mortality and morbidity in adults undergoing cardiac surgery (Review)
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Outcome or subgroup No. of No. of Statistical method Effect size
title studies partici-

pants
4.1 Metoprolol 9 2080 Risk Ratio (M-H, Random, 95% Cl) 0.72[0.62,0.84]
4.2 Propranolol 9 896 Risk Ratio (M-H, Random, 95% Cl) 0.52[0.33,0.81]
4.3 Sotalol 9 1292 Risk Ratio (M-H, Random, 95% Cl) 0.45[0.36, 0.56]
4.4 Esmolol 3 111 Risk Ratio (M-H, Random, 95% Cl) 1.02[0.65,1.61]
4.5 Atenolol 2 139 Risk Ratio (M-H, Random, 95% Cl) 0.30[0.05, 1.90]
4.6 Landiolol 5 578 Risk Ratio (M-H, Random, 95% Cl) 0.37[0.26,0.52]
4.7 Acebutolol 2 171 Risk Ratio (M-H, Random, 95% Cl) 0.09[0.01, 0.66]
4.8 Timolol 2 173 Risk Ratio (M-H, Random, 95% Cl) 0.55[0.25, 1.25]
5 Bradycardia 12 1640 Risk Ratio (M-H, Random, 95% Cl) 1.57[0.93,2.64]
5.1 Metoprolol 1 94 Risk Ratio (M-H, Random, 95% CI) 5.16[0.69, 38.55]
5.2 Propranolol 2 120 Risk Ratio (M-H, Random, 95% Cl) 1.16[0.53,2.54]
5.3 Sotalol 4 736 Risk Ratio (M-H, Random, 95% Cl) 2.16[0.70, 6.65]
5.4 Esmolol 2 59 Risk Ratio (M-H, Random, 95% Cl) 3.00[0.13, 68.26]
5.5 Landiolol 2 237 Risk Ratio (M-H, Random, 95% Cl) 1.11[0.48,2.56]
5.6 Atenolol 1 70 Risk Ratio (M-H, Random, 95% CI) 0.33[0.01,7.91]
5.7 Carvedilol 1 324 Risk Ratio (M-H, Random, 95% Cl) 21.11[1.25,355.18]
6 Hypotension 10 1538 Risk Ratio (M-H, Random, 95% Cl) 1.78[0.87, 3.65]
6.1 Metoprolol 1 94 Risk Ratio (M-H, Random, 95% Cl) 0.17[0.01, 4.17]
6.2 Propranolol 2 112 Risk Ratio (M-H, Random, 95% CI) 1.64[0.33,8.14]
6.3 Sotalol 4 736 Risk Ratio (M-H, Random, 95% Cl) 0.86[0.20, 3.74]
6.4 Esmolol 1 30 Risk Ratio (M-H, Random, 95% Cl) 3.00[0.35, 25.68]
6.5 Landiolol 1 101 Risk Ratio (M-H, Random, 95% Cl) 0.0[0.0,0.0]
6.6 Carvedilol 1 324 Risk Ratio (M-H, Random, 95% Cl) 5.50 [1.25, 24.20]
6.7 Nadolol 1 141 Risk Ratio (M-H, Random, 95% CI) 1.66[0.29,9.61]

Perioperative beta-blockers for preventing surgery-related mortality and morbidity in adults undergoing cardiac surgery (Review)
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Analysis 2.1. Comparison 2 Beta-blocker vs control for cardiac surgery:
subgroup by type of beta-blocker, Outcome 1 All-cause mortality (30 days).

Study or subgroup Beta-blocker Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl

2.1.1 Metoprolol

Auer 2004 1/62 0/33 + 5.08% 1.62[0.07,38.67]
Connolly 2003 0/500 0/500 Not estimable
De Azevedo Licio 2003 2/100 1/100 e s — 9% 2(0.18,21.71]
Janssen 1986 0/39 0/25 Not estimable
Neto 2013 1/35 1/33 6.86% 0.94[0.06,14.47]
Paull 1997 0/50 0/50 Not estimable
Skiba 2013 1/27 1/73 + 6.84% 2.7[0.18,41.72]
Subtotal (95% CI) 813 814 i 27.79% 1.72[0.44,6.69]

Total events: 5 (Beta-blocker), 3 (Control)
Heterogeneity: Tau?=0; Chi*=0.31, df=3(P=0.96); 1>=0%
Test for overall effect: Z=0.78(P=0.43)

2.1.2 Propranolol

Abel 1983 1/50 3/50 e 10.3% 0.33[0.04,3.1]
Bert 2001 0/71 0/60 Not estimable
Hammon 1984 0/24 0/26 Not estimable
Ivey 1983 0/53 0/56 Not estimable
Martinussen 1988 0/35 0/40 Not estimable
Matangi 1985 1/82 1/82 6.74% 1[0.06,15.72]
Mohr 1981 0/37 1/48 + 5.09% 0.43[0.02,10.26]
Myhre 1984 1/21 0/20 + 5.18% 2.86[0.12,66.44]
Oka 1980 0/19 1/35 + 5.15% 0.6[0.03,14.05]
Subtotal (95% Cl) 392 417 —~— 32.46% 0.67[0.19,2.37]

Total events: 3 (Beta-blocker), 6 (Control)
Heterogeneity: Tau?=0; Chi*=1.36, df=4(P=0.85); 1>=0%
Test for overall effect: Z=0.62(P=0.54)

2.1.3 Sotalol

Auer 2004 0/65 0/33 Not estimable
Evrard 2000 1/103 1/103 6.73% 1[0.06,15.77]
Forlani 2002 0/51 0/50 Not estimable
Gomes 1999 0/40 1/45 + 5.08% 0.37[0.02,8.93]
Janssen 1986 0/41 0/25 Not estimable
Matsuura 2001 0/40 0/40 Not estimable
Nystrom 1993 0/50 0/51 Not estimable
Suttorp 1991 0/150 0/150 Not estimable
Subtotal (95% Cl) 540 497 e 11.81% 0.65[0.08,5.25]

Total events: 1 (Beta-blocker), 2 (Control)
Heterogeneity: Tau?=0; Chi*=0.21, df=1(P=0.65); 1>=0%
Test for overall effect: Z=0.4(P=0.69)

2.1.4 Esmolol

Cork 1995 1/16 0/14 + 5.24% 2.65[0.12,60.21]
Liu 2016 0/12 0/12 Not estimable
Subtotal (95% CI) 28 26 e — 5.24% 2.65[0.12,60.21]

Total events: 1 (Beta-blocker), 0 (Control)
Heterogeneity: Not applicable
Test for overall effect: Z=0.61(P=0.54)
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Study or subgroup Beta-blocker Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
2.1.5 Timolol
White 1984 1/21 0/20 5.18% 2.86[0.12,66.44]
Subtotal (95% Cl) 21 20 e —— 5.18% 2.86[0.12,66.44]
Total events: 1 (Beta-blocker), 0 (Control)
Heterogeneity: Not applicable
Test for overall effect: Z=0.66(P=0.51)
2.1.6 Landiolol
Sezai 2011 0/70 2/70 4 5.62% 0.2[0.01,4.09]
Sezai 2012 1/67 1/34 + 6.81% 0.51[0.03,7.87]
Subtotal (95% Cl) 137 104 e 12.43% 0.33[0.04,2.53]
Total events: 1 (Beta-blocker), 3 (Control)
Heterogeneity: Tau?=0; Chi?=0.21, df=1(P=0.65); 1>=0%
Test for overall effect: Z=1.06(P=0.29)
2.1.7 Atenolol
Yazicioglu 2002 1/40 0/40 5.09% 3[0.13,71.51]
Subtotal (95% CI) 40 40 e —— 5.09% 3[0.13,71.51]
Total events: 1 (Beta-blocker), 0 (Control)
Heterogeneity: Not applicable
Test for overall effect: Z=0.68(P=0.5)
Total (95% CI) 1971 1918 S _d 100% 1[0.49,2.04]
Total events: 13 (Beta-blocker), 14 (Control)
Heterogeneity: Tau?=0; Chi*=5.63, df=15(P=0.99); 1>=0%
Test for overall effect: Z=0.01(P=0.99)
Test for subgroup differences: Chi*=3.54, df=1 (P=0.74), 1>=0% ‘ ‘ ‘ ‘

Favours beta-blockers ~ 0.01 0.1 1 10 100 Favours control

Analysis 2.2. Comparison 2 Beta-blocker vs control for cardiac surgery:
subgroup by type of beta-blocker, Outcome 2 Acute myocardial infarction.

Study or subgroup Beta-blocker Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
2.2.1 Metoprolol
Connolly 2003 10/500 5/500 B a— 14.74% 2[0.69,5.81]
Wenke 1999 8/100 4/100 o s a— 12.29% 2[0.62,6.43]
Subtotal (95% CI) 600 600 o 27.03% 2[0.91,4.4]
Total events: 18 (Beta-blocker), 9 (Control)
Heterogeneity: Tau?=0; Chi?=0, df=1(P=1); 1*=0%
Test for overall effect: Z=1.73(P=0.08)
2.2.2 Propranolol
Abel 1983 2/50 2/50 4.55% 1[0.15,6.82]
Babin-Ebell 1996 1/33 1/37 2.25% 1.12[0.07,17.22]
Bert 2001 1/71 3/60 —_—t—T 3.35% 0.28[0.03,2.64]
Hammon 1984 0/24 2/26 1.88% 0.22[0.01,4.28]
Martinussen 1988 2/35 1/40 — Tt 3.02% 2.29[0.22,24.14]

Favours beta-blockers ~ 0-01 0.1 1 10 100 Favours control
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Study or subgroup Beta-blocker Control Risk Ratio Weight Risk Ratio
n/N M-H, Random, 95% CI M-H, Random, 95% Cl
Matangi 1985 4/82 5/82 — 10.25% 0.8[0.22,2.87]
Mohr 1981 0/37 2/48 1.85% 0.26[0.01,5.21]
Myhre 1984 1/16 1/20 + 2.31% 1.25[0.08,18.46]
Oka 1980 0/19 4/35 2.03% 0.2[0.01,3.53]
Silverman 1982 5/50 6/50 — 13.36% 0.83[0.27,2.55]
Stephenson 1980 3/87 5/136 . E— 8.48% 0.94[0.23,3.83]
Subtotal (95% Cl) 504 584 L 4 53.33% 0.76[0.43,1.32]
Total events: 19 (Beta-blocker), 32 (Control)
Heterogeneity: Tau?=0; Chi*=4.07, df=10(P=0.94); 1>=0%
Test for overall effect: Z=0.98(P=0.33)
2.2.3 Sotalol
Evrard 2000 0/103 0/103 Not estimable
Forlani 2002 0/51 0/50 Not estimable
Jacquet 1994 0/19 1/17 1.7% 0.3[0.01,6.91]
Suttorp 1991 1/150 1/150 2.2% 1[0.06,15.84]
Subtotal (95% Cl) 323 320 —— 3.9% 0.59[0.07,4.7]
Total events: 1 (Beta-blocker), 2 (Control)
Heterogeneity: Tau?=0; Chi*=0.32, df=1(P=0.57); 1>=0%
Test for overall effect: Z=0.5(P=0.62)
2.2.4 Esmolol
Neustein 1994 0/16 0/22 Not estimable
Nicolson 1990 0/17 1/14 1.71% 0.28[0.01,6.33]
Subtotal (95% Cl) 33 36 e — 1.71% 0.28[0.01,6.33]
Total events: 0 (Beta-blocker), 1 (Control)
Heterogeneity: Not applicable
Test for overall effect: Z=0.8(P=0.42)
2.2.5 Nadolol
Khuri 1987 0/67 1/74 + 1.65% 0.37[0.02,8.87]
Subtotal (95% CI) 67 74  ———ee— 1.65% 0.37[0.02,8.87]
Total events: 0 (Beta-blocker), 1 (Control)
Heterogeneity: Tau?=0; Chi*=0, df=0(P<0.0001); 1>=100%
Test for overall effect: Z=0.62(P=0.54)
2.2.6 Landiolol
Sezai 2012 2/67 0/34 + 1.85% 2.57[0.13,52.15]
Subtotal (95% CI) 67 34 ——e N —— 1.85% 2.57[0.13,52.15]
Total events: 2 (Beta-blocker), 0 (Control)
Heterogeneity: Not applicable
Test for overall effect: Z=0.62(P=0.54)
2.2.7 Acebutolol
Daudon 1986 1/50 1/50 2.23% 1[0.06,15.55]
Subtotal (95% Cl) 50 50 ——e 2.23% 1[0.06,15.55]
Total events: 1 (Beta-blocker), 1 (Control)
Heterogeneity: Not applicable
Test for overall effect: Not applicable
2.2.8 Atenolol
Matangi 1989 4/35 3/35 ‘ ‘ — ‘ ‘ 8.29% 1.33[0.32,5.53]
Favours beta-blockers ~ 0.01 0.1 1 10 100 Favours control
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Study or subgroup Beta-blocker Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
Subtotal (95% ClI) 35 35 ‘ 8.29% 1.33[0.32,5.53]

Total events: 4 (Beta-blocker), 3 (Control)
Heterogeneity: Not applicable
Test for overall effect: Z=0.4(P=0.69)

Total (95% CI) 1679 1733 <o 100% 1.02[0.68,1.54]
Total events: 45 (Beta-blocker), 49 (Control)

Heterogeneity: Tau?=0; Chi*=10.11, df=19(P=0.95); 1>=0%

Test for overall effect: Z=0.1(P=0.92)

Test for subgroup differences: Chi*=5.73, df=1 (P=0.57), 1>=0%

Favours beta-blockers ~ 0-01 0.1 1 10 100 Favours control

Analysis 2.3. Comparison 2 Beta-blocker vs control for cardiac surgery:
subgroup by type of beta-blocker, Outcome 3 Ventricular arrhythmias.

Study or subgroup Beta-blocker Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
2.3.1 Metoprolol
Auer 2004 0/62 1/32 < 2.12% 0.17[0.01,4.17]
Connolly 2003 2/500 7/500 . —— 8.68% 0.29[0.06,1.37]
Subtotal (95% CI) 562 532 —~al— 10.79% 0.26[0.06,1.06]

Total events: 2 (Beta-blocker), 8 (Control)
Heterogeneity: Tau?=0; Chi*=0.07, df=1(P=0.78); 1>=0%
Test for overall effect: Z=1.88(P=0.06)

2.3.2 Propranolol

Abel 1983 2/41 4/50 —_— 7.86% 0.61[0.12,3.16]
Hammon 1984 5/24 11/26 —e 26.3% 0.49[0.2,1.21]
Matangi 1985 1/82 7/82 _ 4.96% 0.14[0.02,1.14]
Stephenson 1980 2/91 7/136 —_ 8.88% 0.43[0.09,2.01]
Williams 1982 0/28 432 4 2.57% 0.13[0.01,2.25]
Subtotal (95% CI) 266 326 - 50.55% 0.41[0.21,0.79]

Total events: 10 (Beta-blocker), 33 (Control)
Heterogeneity: Tau?=0; Chi*=2.14, df=4(P=0.71); 1>=0%
Test for overall effect: Z=2.69(P=0.01)

2.3.3 Sotalol

Auer 2004 3/63 1/33 R e 4.31% 1.57[0.17,14.52]
Nystrom 1993 0/50 0/51 Not estimable
Pfisterer 1997 2/126 0/129 > 2.32% 5.12[0.25,105.56]
Subtotal (95% CI) 239 213 —~— 6.63% 2.38[0.4,14.27]

Total events: 5 (Beta-blocker), 1 (Control)
Heterogeneity: Tau?=0; Chi*=0.39, df=1(P=0.53); 1>=0%
Test for overall effect: Z=0.95(P=0.34)

2.3.4 Esmolol

Harrison 1987 4/15 11/15 —— 26.7% 0.36[0.15,0.89]
Sun 2011 1/30 9/28 ——+—— 5.32% 0.1[0.01,0.77]
Subtotal (95% CI) 45 43 i 32.02% 0.26[0.08,0.84]
Favours beta-blockers ~ 0.01 0.1 1 10 100 Favours control
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Study or subgroup Beta-blocker Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl

Total events: 5 (Beta-blocker), 20 (Control)
Heterogeneity: Tau?=0.29; Chi*=1.47, df=1(P=0.23); 1>=31.75%
Test for overall effect: Z=2.25(P=0.02)
2.3.5 Atenolol
Matangi 1989 0/35 0/35 Not estimable
Subtotal (95% Cl) 35 35 Not estimable
Total events: 0 (Beta-blocker), 0 (Control)
Heterogeneity: Not applicable
Test for overall effect: Not applicable
Total (95% CI) 1147 1149 L 4 100% 0.39[0.25,0.63]
Total events: 22 (Beta-blocker), 62 (Control)
Heterogeneity: Tau?=0; Chi*=8.49, df=10(P=0.58); 1>=0%
Test for overall effect: Z=3.95(P<0.0001)
Test for subgroup differences: Chi*=4.69, df=1 (P=0.2), 1>=36.03% ‘ ‘ ‘ ‘

Favours beta-blockers ~ 0.01 0.1 1 10 100 Favours control

Analysis 2.4. Comparison 2 Beta-blocker vs control for cardiac surgery:
subgroup by type of beta-blocker, Outcome 4 Atrial fibrillation and flutter.
Study or subgroup Beta-blocker Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl

2.4.1 Metoprolol
Auer 2004 25/62 17/33 —+ 4.31% 0.78[0.5,1.23]
Connolly 2003 156/500 195/500 + 5.93% 0.8[0.67,0.95]
De Azevedo Llicio 2003 11/100 24/100 — 3.15% 0.46[0.24,0.88]
Dy 1998 10/67 24/66 — 3.17% 0.41[0.21,0.79]
Graham 1996 38/213 30/107 —+ 4.49% 0.64[0.42,0.97]
Janssen 1986 6/39 8/25 — 2.09% 0.48[0.19,1.22]
Neto 2013 1/35 3/33 ——T 0.51% 0.31[0.03,2.87]
Paull 1997 12/50 13/50 —— 3.05% 0.92[0.47,1.82]
Skiba 2013 7/27 25/73 —+ 2.9% 0.76[0.37,1.54]
Subtotal (95% Cl) 1093 987 ¢ 29.59% 0.72[0.62,0.84]
Total events: 266 (Beta-blocker), 339 (Control)
Heterogeneity: Tau?=0; Chi*=8.39, df=8(P=0.4); 1>=4.7%
Test for overall effect: Z=4.28(P<0.0001)
2.4.2 Propranolol
Abel 1983 6/41 18/50 —t 2.44% 0.41[0.18,0.93]
Martinussen 1988 11/35 7/40 -t 2.42% 1.8[0.78,4.13]
Matangi 1985 8/82 17/82 — 2.61% 0.47[0.22,1.03]
Ormerod 1984 4/27 9/33 —t 1.74% 0.54[0.19,1.57]
Rubin 1987 6/37 15/40 — 2.41% 0.43[0.19,1]
Salazar 1979 2/20 1/22 e 0.47% 2.2[0.22,22.45]
Silverman 1982 3/50 14/50 —_— 1.48% 0.21[0.07,0.7]
Stephenson 1980 7/91 24/136 — 2.54% 0.44[0.2,0.97]
Williams 1982 1/28 6/32 — 0.58% 0.19[0.02,1.49]
Subtotal (95% Cl) 411 485 R 2 16.71% 0.52[0.33,0.81]

Favours beta-blockers ~ 0.01 0.1 1 10 100 Favours control
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Study or subgroup Beta-blocker Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
Total events: 48 (Beta-blocker), 111 (Control)
Heterogeneity: Tau?=0.19; Chi*=13.93, df=8(P=0.08); 1*=42.58%
Test for overall effect: Z=2.86(P=0)
2.4.3 Sotalol
Auer 2004 20/65 18/33 — 4.12% 0.56[0.35,0.91]
Evrard 2000 16/103 47/103 — 4.01% 0.34[0.21,0.56]
Forlani 2002 6/51 19/50 —t 2.43% 0.31[0.13,0.71]
Gomes 1999 5/40 17/45 s 2.19% 0.33[0.13,0.82]
Janssen 1986 1/41 9/25 ‘—"— 0.61% 0.07[0.01,0.5]
Matsuura 2001 6/40 15/40 I 2.4% 0.4[0.17,0.93]
Nystrom 1993 5/50 15/51 —t 2.09% 0.34[0.13,0.87]
Pfisterer 1997 29/126 52/129 —+ 4.72% 0.57[0.39,0.84]
Suttorp 1991 24/150 45/150 — 4.36% 0.53[0.34,0.83]
Subtotal (95% Cl) 666 626 * 26.92% 0.45[0.36,0.56]
Total events: 112 (Beta-blocker), 237 (Control)
Heterogeneity: Tau?=0.02; Chi*=9.44, df=8(P=0.31); 1>=15.27%
Test for overall effect: Z=7.07(P<0.0001)
2.4.4 Esmolol
Cork 1995 1/15 0/14 + 0.27% 2.81[0.12,63.83]
Liu 2016 8/12 7/12 —t— 3.32% 1.14[0.61,2.13]
Sun 2011 10/30 11/28 —H 3.03% 0.85[0.43,1.68]
Subtotal (95% Cl) 57 54 <o 6.61% 1.02[0.65,1.61]
Total events: 19 (Beta-blocker), 18 (Control)
Heterogeneity: Tau?=0; Chi*=0.81, df=2(P=0.67); 1>=0%
Test for overall effect: Z=0.09(P=0.93)
2.4.5 Atenolol
Lamb 1988 1/30 10/30 . — 0.62% 0.1[0.01,0.73]
Yazicioglu 2002 6/39 10/40 —tT 2.16% 0.62[0.25,1.53]
Subtotal (95% Cl) 69 70 i 2.78% 0.3[0.05,1.9]
Total events: 7 (Beta-blocker), 20 (Control)
Heterogeneity: Tau?=1.22; Chi*=2.95, df=1(P=0.09); 1>=66.06%
Test for overall effect: Z=1.27(P=0.2)
2.4.6 Landiolol
Ogawa 2013 13/68 25/68 — 3.55% 0.52[0.29,0.93]
Osada 2012 3/73 17/68 s — 1.49% 0.16[0.05,0.54]
Sakaguchi 2012 6/30 16/30 —t 2.58% 0.38[0.17,0.83]
Sezai 2011 7/70 24/70 —t 2.64% 0.29[0.13,0.63]
Sezai 2012 8/67 12/34 —t 2.56% 0.34[0.15,0.75]
Subtotal (95% Cl) 308 270 L 2 12.82% 0.37[0.26,0.52]
Total events: 37 (Beta-blocker), 94 (Control)
Heterogeneity: Tau?=0; Chi*=3.63, df=4(P=0.46); 1>=0%
Test for overall effect: Z=5.76(P<0.0001)
2.4.7 Acebutolol
Daudon 1986 0/50 20/50 ‘—‘7 0.33% 0.02[0,0.39]
Materne 1985 2/32 14/39 e a— 1.13% 0.17[0.04,0.71]
Subtotal (95% Cl) 82 89 ——e— 1.46% 0.09[0.01,0.66]
Total events: 2 (Beta-blocker), 34 (Control) ‘ ‘ ‘ ‘
Favours beta-blockers ~ 0.01 0.1 1 10 100 Favours control
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Study or subgroup Beta-blocker Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
Heterogeneity: Tau?=1.07; Chi*=1.85, df=1(P=0.17); 1>=45.81%
Test for overall effect: Z=2.36(P=0.02)

2.4.8 Timolol

Vecht 1986 5/66 7/66 —tT 1.67% 0.71[0.24,2.14]
White 1984 3/21 7/20 —t 1.44% 0.41[0.12,1.36]
Subtotal (95% Cl) 87 86 - 3.11% 0.55[0.25,1.25]

Total events: 8 (Beta-blocker), 14 (Control)
Heterogeneity: Tau?=0; Chi*=0.45, df=1(P=0.5); I>=0%
Test for overall effect: Z=1.42(P=0.15)

Total (95% Cl) 2773 2667 ¢ 100% 0.51[0.43,0.6]
Total events: 499 (Beta-blocker), 867 (Control)

Heterogeneity: Tau?=0.11; Chi*=80.59, df=40(P=0); 1?=50.36%

Test for overall effect: Z=8.09(P<0.0001)

Test for subgroup differences: Chi*=29.89, df=1 (P<0.0001), 1*=76.58%

Favours beta-blockers ~ 0-01 0.1 1 10 100 Favours control

Analysis 2.5. Comparison 2 Beta-blocker vs control for cardiac
surgery: subgroup by type of beta-blocker, Outcome 5 Bradycardia.

Study or subgroup Beta-blocker Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
2.5.1 Metoprolol
Auer 2004 10/62 1/32 B 6.35% 5.16[0.69,38.55]
Subtotal (95% Cl) 62 32 ——— 6.35% 5.16[0.69,38.55]

Total events: 10 (Beta-blocker), 1 (Control)
Heterogeneity: Not applicable
Test for overall effect: Z=1.6(P=0.11)

2.5.2 Propranolol

Babin-Ebell 1996 1/33 0/37 : 2.63% 3.35[0.14,79.59]
Hammon 1984 8/24 8/26 —a— 31.82% 1.08[0.48,2.43]
Subtotal (95% Cl) 57 63 - 34.45% 1.16[0.53,2.54]

Total events: 9 (Beta-blocker), 8 (Control)
Heterogeneity: Tau?=0; Chi*=0.47, df=1(P=0.49); 1>=0%
Test for overall effect: Z=0.37(P=0.71)

2.5.3 Sotalol

Auer 2004 8/63 1/33 —_ 6.21% 4.19[0.55,32.09]
Gomes 1999 1/40 0/45 : 2.62% 3.37[0.14,80.36]
Pfisterer 1997 4/126 2/129 —_ 8.93% 2.05[0.38,10.98]
Suttorp 1991 0/150 1/150 : 2.59% 0.33[0.01,8.12]
Subtotal (95% Cl) 379 357 i 20.36% 2.16[0.7,6.65]

Total events: 13 (Beta-blocker), 4 (Control)
Heterogeneity: Tau?=0; Chi*=1.8, df=3(P=0.61); 1>=0%
Test for overall effect: Z=1.35(P=0.18)

2.5.4 Esmolol

Favours beta-blockers ~ 0-01 0.1 1 10 100 Favours control
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Study or subgroup Beta-blocker Control Risk Ratio Weight Risk Ratio
n/N M-H, Random, 95% CI M-H, Random, 95% Cl
But 2006 1/15 0/15 t 2.7% 3[0.13,68.26]
Cork 1995 0/15 0/14 Not estimable
Subtotal (95% Cl) 30 29 e — 2.7% 3[0.13,68.26]
Total events: 1 (Beta-blocker), 0 (Control)
Heterogeneity: Not applicable
Test for overall effect: Z=0.69(P=0.49)
2.5.5 Landiolol
Ogawa 2013 10/68 9/68 — 30.2% 1.11[0.48,2.56]
Sezai 2012 0/67 0/34 Not estimable
Subtotal (95% CI) 135 102 . 30.2% 1.11[0.48,2.56]
Total events: 10 (Beta-blocker), 9 (Control)
Heterogeneity: Not applicable
Test for overall effect: Z=0.25(P=0.8)
2.5.6 Atenolol
Matangi 1989 0/35 1/35 2.63% 0.33[0.01,7.91]
Subtotal (95% Cl) 35 35 e — 2.63% 0.33[0.01,7.91]
Total events: 0 (Beta-blocker), 1 (Control)
Heterogeneity: Not applicable
Test for overall effect: Z=0.68(P=0.5)
2.5.7 Carvedilol
Serruys 2000 11/169 0/155 4’—’ 3.3% 21.11[1.25,355.18]
Subtotal (95% CI) 169 155 ———e—— 3.3% 21.11[1.25,355.18]
Total events: 11 (Beta-blocker), 0 (Control)
Heterogeneity: Not applicable
Test for overall effect: Z=2.12(P=0.03)
Total (95% CI) 867 773 <o 100% 1.57[0.93,2.64]
Total events: 54 (Beta-blocker), 23 (Control)
Heterogeneity: Tau?=0.05; Chi?=10.65, df=10(P=0.39); 1>=6.13%
Test for overall effect: Z=1.7(P=0.09)
Test for subgroup differences: Chi*=7.19, df=1 (P=0.3), 1>=16.59% ‘ ‘ ‘ ‘
Favours beta-blockers ~ 0.01 0.1 1 10 100 Favours control
Analysis 2.6. Comparison 2 Beta-blocker vs control for cardiac
surgery: subgroup by type of beta-blocker, Outcome 6 Hypotension.
Study or subgroup Beta-blocker Control Risk Ratio Weight Risk Ratio
n/N M-H, Random, 95% CI M-H, Random, 95% Cl
2.6.1 Metoprolol
Auer 2004 0/62 1/32 4 5.1% 0.17[0.01,4.17]
Subtotal (95% Cl) 62 32 e — 5.1% 0.17[0.01,4.17]
Total events: 0 (Beta-blocker), 1 (Control)
Heterogeneity: Not applicable
Test for overall effect: Z=1.08(P=0.28)
2.6.2 Propranolol
Favours beta-blockers ~ 0-01 0.1 1 10 100 Favours control
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Study or subgroup Beta-blocker Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
Matangi 1989 2/35 2/35 e 14.19% 1[0.15,6.71]
Salazar 1979 2/20 0/22 + # 5.79% 5.48[0.28,107.62]
Subtotal (95% Cl) 55 57 —~i— 19.98% 1.64[0.33,8.14]

Total events: 4 (Beta-blocker), 2 (Control)
Heterogeneity: Tau?=0; Chi?=0.91, df=1(P=0.34); 1>=0%
Test for overall effect: Z=0.6(P=0.55)

2.6.3 Sotalol

Auer 2004 1/63 1/33 + 6.85% 0.52[0.03,8.11]
Gomes 1999 1/40 0/45 + 5.1% 3.37[0.14,80.36]
Pfisterer 1997 1/126 1/129 6.74% 1.02[0.06,16.19]
Suttorp 1991 0/150 1/150 + 5.04% 0.33[0.01,8.12]
Subtotal (95% Cl) 379 357 —l— 23.73% 0.86[0.2,3.74]

Total events: 3 (Beta-blocker), 3 (Control)
Heterogeneity: Tau?=0; Chi*=1.19, df=3(P=0.75); 1>=0%
Test for overall effect: Z=0.2(P=0.84)

2.6.4 Esmolol
But 2006 3/15 1/15 —_— 11.15% 3[0.35,25.68]
Subtotal (95% ClI) 15 15 e 11.15% 3[0.35,25.68]

Total events: 3 (Beta-blocker), 1 (Control)
Heterogeneity: Not applicable
Test for overall effect: Z=1(P=0.32)

2.6.5 Landiolol
Sezai 2012 0/67 0/34 Not estimable
Subtotal (95% Cl) 67 34 Not estimable
Total events: 0 (Beta-blocker), 0 (Control)
Heterogeneity: Not applicable

Test for overall effect: Not applicable

2.6.6 Carvedilol
Serruys 2000 12/169 2/155 —_— 23.43% 5.5[1.25,24.2]
Subtotal (95% Cl) 169 155 —l—— 23.43% 5.5[1.25,24.2]

Total events: 12 (Beta-blocker), 2 (Control)
Heterogeneity: Not applicable
Test for overall effect: Z=2.26(P=0.02)

2.6.7 Nadolol
Khuri 1987 3/67 2/74 —— 16.62% 1.66[0.29,9.61]
Subtotal (95% Cl) 67 74 —— 16.62% 1.66[0.29,9.61]

Total events: 3 (Beta-blocker), 2 (Control)
Heterogeneity: Not applicable
Test for overall effect: Z=0.56(P=0.57)

Total (95% CI) 814 724 - 100% 1.78[0.87,3.65]
Total events: 25 (Beta-blocker), 11 (Control)

Heterogeneity: Tau?=0; Chi*=7.6, df=9(P=0.58); 1>=0%

Test for overall effect: Z=1.58(P=0.11)

Test for subgroup differences: Chi*=5.47, df=1 (P=0.36), 1>=8.67%

Favours beta-blockers ~ 0-01 0.1 1 10 100 Favours control
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Comparison 3. Beta-blocker vs control for cardiac surgery: subgroup by start of beta-blocker therapy

Outcome or subgroup title No. of No. of Statistical method Effect size
studies partici-
pants

1 All-cause mortality (30 days) 29 4099 Risk Ratio (M-H, Random, 95% Cl) 0.95[0.47, 1.90]
1.1 Before surgery 7 778 Risk Ratio (M-H, Random, 95% Cl) 1.08[0.31, 3.79]
1.2 During surgery 4 371 Risk Ratio (M-H, Random, 95% Cl) 0.49[0.13, 1.90]
1.3 After surgery 18 2950 Risk Ratio (M-H, Random, 95% Cl) 1.30[0.44, 3.77]
2 Acute myocardial infarction 24 3622 Risk Ratio (M-H, Random, 95% Cl) 1.06[0.72, 1.57]
2.1 Before surgery 2 246 Risk Ratio (M-H, Random, 95% Cl) 1.57[0.45, 5.45]
2.2 During surgery 4 270 Risk Ratio (M-H, Random, 95% Cl) 0.95[0.22, 3.98]
2.3 After surgery 18 3106 Risk Ratio (M-H, Random, 95% Cl) 1.02[0.66, 1.58]
3 Ventricular arrhythmias 12 2296 Risk Ratio (M-H, Random, 95% Cl) 0.40[0.25, 0.63]
3.1 Before surgery 2 291 Risk Ratio (M-H, Random, 95% Cl) 0.78[0.13, 4.55]
3.2 During surgery 4 434 Risk Ratio (M-H, Random, 95% Cl) 0.42[0.15,1.21]
3.3 After surgery 6 1571 Risk Ratio (M-H, Random, 95% Cl) 0.36[0.19, 0.69]
4 Atrial fibrillation and flutter 40 5650 Risk Ratio (M-H, Random, 95% Cl) 0.50[0.42, 0.59]
4.1 Before surgery 7 796 Risk Ratio (M-H, Random, 95% Cl) 0.491[0.35, 0.67]
4.2 During surgery 10 1067 Risk Ratio (M-H, Random, 95% Cl) 0.56 [0.43, 0.74]
4.3 After surgery 23 3787 Risk Ratio (M-H, Random, 95% Cl) 0.47[0.37,0.60]
5 Bradycardia 12 1640 Risk Ratio (M-H, Random, 95% Cl) 1.63[0.92,2.91]
5.1 Before surgery 3 599 Risk Ratio (M-H, Random, 95% Cl) 5.82[1.78,19.02]
5.2 During surgery 5 551 Risk Ratio (M-H, Random, 95% Cl) 1.32[0.64,2.72]
5.3 After surgery 4 490 Risk Ratio (M-H, Random, 95% Cl) 1.01[0.48,2.12]
6 Hypotension 10 1538 Risk Ratio (M-H, Random, 95% Cl) 1.84[0.89, 3.80]
6.1 Before surgery 3 599 Risk Ratio (M-H, Random, 95% Cl) 1.85[0.25, 13.45]
6.2 During surgery 3 386 Risk Ratio (M-H, Random, 95% Cl) 2.00[0.37,10.90]
6.3 After surgery 4 553 Risk Ratio (M-H, Random, 95% Cl) 1.36[0.45,4.12]

Perioperative beta-blockers for preventing surgery-related mortality and morbidity in adults undergoing cardiac surgery (Review)
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Analysis 3.1. Comparison 3 Beta-blocker vs control for cardiac surgery: subgroup
by start of beta-blocker therapy, Outcome 1 All-cause mortality (30 days).

Study or subgroup Beta-blocker Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl

3.1.1 Before surgery

Ali 1997 0/105 1/105 + 4.79% 0.33[0.01,8.09]
Auer 2004 1/127 0/66 + 4.8% 1.57[0.06,38.02]
Gomes 1999 0/40 1/45 + 4.84% 0.37[0.02,8.93]
Myhre 1984 1/21 0/20 + 4.93% 2.86[0.12,66.44]
Neto 2013 1/35 1/33 6.54% 0.94[0.06,14.47]
Nystrom 1993 0/50 0/51 Not estimable
Yazicioglu 2002 1/40 0/40 + 4.85% 3[0.13,71.51]
Subtotal (95% CI) 418 360 i 30.75% 1.08[0.31,3.79]

Total events: 4 (Beta-blocker), 3 (Control)
Heterogeneity: Tau?=0; Chi*=1.78, df=5(P=0.88); 1>=0%
Test for overall effect: Z=0.11(P=0.91)

3.1.2 During surgery

Abel 1983 1/50 3/50 —_— 9.81% 0.33[0.04,3.1]
Cork 1995 1/16 0/14 + 4.99% 2.65[0.12,60.21]
Sezai 2011 0/70 2770 4 5.35% 0.2[0.01,4.09]
Sezai 2012 1/67 1/34 + 6.49% 0.51[0.03,7.87]
Subtotal (95% Cl) 203 168 —— 26.65% 0.49[0.13,1.9]

Total events: 3 (Beta-blocker), 6 (Control)
Heterogeneity: Tau?=0; Chi*=1.57, df=3(P=0.67); 1>=0%
Test for overall effect: Z=1.03(P=0.3)

3.1.3 After surgery

Bert 2001 0/71 0/60 Not estimable
Connolly 2003 0/500 0/500 Not estimable
De Azevedo Lucio 2003 2/100 1/100 —_— T 8.58% 2[0.18,21.71]
Evrard 2000 1/103 1/103 6.41% 1[0.06,15.77]
Forlani 2002 0/51 0/50 Not estimable
Hammon 1984 0/24 0/26 Not estimable
Ivey 1983 0/53 0/56 Not estimable
Janssen 1986 0/80 0/50 Not estimable
Liu 2016 0/12 0/12 Not estimable
Martinussen 1988 0/35 0/40 Not estimable
Matangi 1985 1/82 1/82 6.42% 1[0.06,15.72]
Matsuura 2001 0/40 0/40 Not estimable
Mohr 1981 0/37 1/48 + 4.84% 0.43[0.02,10.26]
Oka 1980 0/19 1/35 + 4.9% 0.6[0.03,14.05]
Paull 1997 0/50 0/50 Not estimable
Skiba 2013 1/27 1/73 + 6.51% 2.7[0.18,41.72]
Suttorp 1991 0/150 0/150 Not estimable
White 1984 1/21 0/20 + 4.93% 2.86[0.12,66.44]
Subtotal (95% Cl) 1455 1495 - 42.6% 1.3[0.44,3.77]

Total events: 6 (Beta-blocker), 6 (Control)
Heterogeneity: Tau?=0; Chi*=1.41, df=6(P=0.97); 1>=0%
Test for overall effect: Z=0.47(P=0.64)

Total (95% Cl) 2076 2023 ’ 100% 0.95[0.47,1.9]
Favours beta-blockers ~ 0-01 0.1 1 10 100 Favours control
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Total events: 13 (Beta-blocker), 15 (Control)

Heterogeneity: Tau?=0; Chi*=6.05, df=16(P=0.99); 1>=0%

Test for overall effect: Z=0.16(P=0.87)

Test for subgroup differences: Chi*=1.27, df=1 (P=0.53), 1>=0%

Favours beta-blockers ~ 0-01 0.1 1 10 100 Favours control

Analysis 3.2. Comparison 3 Beta-blocker vs control for cardiac surgery: subgroup
by start of beta-blocker therapy, Outcome 2 Acute myocardial infarction.

Study or subgroup Beta-blocker Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
3.2.1 Before surgery
Ali 1997 5/105 3/105 e a— 7.82% 1.67[0.41,6.8]
Myhre 1984 1/16 1/20 2.13% 1.25[0.08,18.46]
Subtotal (95% Cl) 121 125 9.95% 1.57[0.45,5.45]
Total events: 6 (Beta-blocker), 4 (Control)
Heterogeneity: Tau?=0; Chi*=0.03, df=1(P=0.85); 1>=0%
Test for overall effect: Z=0.71(P=0.48)
3.2.2 During surgery
Abel 1983 2/50 2/50 e 4.19% 1[0.15,6.82]
Neustein 1994 0/16 0/22 Not estimable
Nicolson 1990 0/17 1/14 + 1.58% 0.28[0.01,6.33]
Sezai 2012 2/67 0/34 + 1.71% 2.57[0.13,52.15]
Subtotal (95% CI) 150 120 —~a 7.48% 0.95[0.22,3.98]
Total events: 4 (Beta-blocker), 3 (Control)
Heterogeneity: Tau?=0; Chi*=1.02, df=2(P=0.6); 1>=0%
Test for overall effect: Z=0.08(P=0.94)
3.2.3 After surgery
Babin-Ebell 1996 1/33 1/37 + 2.07% 1.12[0.07,17.22]
Bert 2001 1/71 3/60 —_— T 3.09% 0.28[0.03,2.64]
Connolly 2003 10/500 5/500 B a— 13.59% 2[0.69,5.81]
Daudon 1986 1/50 1/50 2.05% 1[0.06,15.55]
Evrard 2000 0/103 0/103 Not estimable
Forlani 2002 0/51 0/50 Not estimable
Hammon 1984 0/24 2/26 + 1.73% 0.22[0.01,4.28]
Jacquet 1994 0/19 1/17 + 1.57% 0.3[0.01,6.91]
Khuri 1987 0/67 1/74 + 1.52% 0.37[0.02,8.87]
Martinussen 1988 2/35 1/40 B 2.78% 2.29[0.22,24.14]
Matangi 1985 4/82 5/82 . — 9.45% 0.8[0.22,2.87]
Matangi 1989 4/35 3/35 — T 7.64% 1.33[0.32,5.53]
Mohr 1981 0/37 2/48 + 1.71% 0.26[0.01,5.21]
Oka 1980 0/19 4/35 + 1.88% 0.2[0.01,3.53]
Silverman 1982 5/50 6/50 —t— 12.31% 0.83[0.27,2.55]
Stephenson 1980 3/87 5/136 s — 7.82% 0.94[0.23,3.83]
Suttorp 1991 1/150 1/150 2.02% 1[0.06,15.84]
Wenke 1999 8/100 4/100 o s a— 11.33% 2[0.62,6.43]
Subtotal (95% Cl) 1513 1593 ‘ ‘ * ‘ ‘ 82.57% 1.02[0.66,1.58]
Favours beta-blockers ~ 0-01 0.1 1 10 100 Favours control
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Total events: 40 (Beta-blocker), 45 (Control)
Heterogeneity: Tau?=0; Chi*=9.06, df=15(P=0.87); 1>=0%
Test for overall effect: Z=0.1(P=0.92)

Total (95% CI) 1784 1838 L 4 100% 1.06[0.72,1.57]
Total events: 50 (Beta-blocker), 52 (Control)

Heterogeneity: Tau?=0; Chi*=10.54, df=20(P=0.96); 1>=0%

Test for overall effect: Z=0.29(P=0.77)

Test for subgroup differences: Chi*=0.43, df=1 (P=0.81), 1>=0%

Favours beta-blockers ~ 0-01 0.1 1 10 100 Favours control

Analysis 3.3. Comparison 3 Beta-blocker vs control for cardiac surgery:
subgroup by start of beta-blocker therapy, Outcome 3 Ventricular arrhythmias.

Study or subgroup Beta-blocker Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
3.3.1 Before surgery
Auer 2004 3/125 2/65 — ¢ 6.81% 0.78[0.13,4.55]
Nystrom 1993 0/50 0/51 Not estimable
Subtotal (95% CI) 175 116 el 6.81% 0.78[0.13,4.55]

Total events: 3 (Beta-blocker), 2 (Control)
Heterogeneity: Not applicable
Test for overall effect: Z=0.28(P=0.78)

3.3.2 During surgery

Abel 1983 2/41 4/50 7.82% 0.61[0.12,3.16]
Harrison 1987 4/15 11/15 26.59% 0.36[0.15,0.89]
Pfisterer 1997 2/126 0/129 > 2.31% 5.12[0.25,105.56]
Sun 2011 1/30 9/28 s — 5.3% 0.1[0.01,0.77]

Subtotal (95% CI) 212 222 - 42.03% 0.42[0.15,1.21]
Total events: 9 (Beta-blocker), 24 (Control)

Heterogeneity: Tau?=0.43; Chi*=4.77, df=3(P=0.19); 1>=37.09%
Test for overall effect: Z=1.6(P=0.11)

3.3.3 After surgery

Connolly 2003 2/500 7/500 . —— 8.64% 0.29[0.06,1.37]
Hammon 1984 5/24 11/26 — 26.19% 0.49[0.2,1.21]
Matangi 1985 1/82 7/82 —t+— 4.94% 0.14[0.02,1.14]
Matangi 1989 0/35 0/35 Not estimable
Stephenson 1980 2/91 7/136 —_— 8.84% 0.43[0.09,2.01]
Williams 1982 0/28 4/32 < 2.56% 0.13[0.01,2.25]
Subtotal (95% Cl) 760 811 - 51.16% 0.36[0.19,0.69]
Total events: 10 (Beta-blocker), 36 (Control)
Heterogeneity: Tau?=0; Chi*=1.99, df=4(P=0.74); 1>=0%
Test for overall effect: Z=3.08(P=0)
Total (95% Cl) 1147 1149 L 2 100% 0.4[0.25,0.63]
Total events: 22 (Beta-blocker), 62 (Control)
Heterogeneity: Tau?=0; Chi*=7.34, df=9(P=0.6); 1>=0%
Favours beta-blockers ~ 0-01 0.1 1 10 100 Favours control
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Study or subgroup Beta-blocker Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI

Test for overall effect: Z=3.94(P<0.0001)
Test for subgroup differences: Chi*=0.65, df=1 (P=0.72), 1>=0%

Favours beta-blockers ~ 0-01 0.1 1 10 100 Favours control

Analysis 3.4. Comparison 3 Beta-blocker vs control for cardiac surgery: subgroup
by start of beta-blocker therapy, Outcome 4 Atrial fibrillation and flutter.

Study or subgroup Beta-blocker Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
3.4.1 Before surgery
Ali 1997 18/105 40/105 — 4.08% 0.45[0.28,0.73]
Auer 2004 45/127 35/66 —+ 5.1% 0.67[0.48,0.93]
Gomes 1999 5/40 17/45 —t 2.16% 0.33[0.13,0.82]
Lamb 1988 1/30 10/30 —_— 0.6% 0.1[0.01,0.73]
Neto 2013 1/35 3/33 —— 0.5% 0.31[0.03,2.87]
Nystréom 1993 5/50 15/51 — 2.06% 0.34[0.13,0.87]
Yazicioglu 2002 6/39 10/40 —T 2.13% 0.62[0.25,1.53]
Subtotal (95% CI) 426 370 L 2 16.64% 0.49[0.35,0.67]
Total events: 81 (Beta-blocker), 130 (Control)
Heterogeneity: Tau?=0.05; Chi?=7.99, df=6(P=0.24); 1>=24.88%
Test for overall effect: Z=4.35(P<0.0001)
3.4.2 During surgery
Abel 1983 6/41 18/50 —t 2.42% 0.41[0.18,0.93]
Cork 1995 1/15 0/14 + 0.26% 2.81[0.12,63.83]
Dy 1998 10/67 24/66 — 3.15% 0.41[0.21,0.79]
Liu 2016 8/12 7/12 —— 3.3% 1.14[0.61,2.13]
Ogawa 2013 13/68 25/68 —+ 3.54% 0.52[0.29,0.93]
Pfisterer 1997 29/126 52/129 —+ 4.74% 0.57[0.39,0.84]
Sezai 2011 7/70 24/70 — 2.62% 0.29[0.13,0.63]
Sezai 2012 8/67 12/34 e 2.54% 0.34[0.15,0.75]
Skiba 2013 7/27 25/73 —+ 2.88% 0.76[0.37,1.54]
Sun 2011 10/30 11/28 —H— 3.01% 0.85[0.43,1.68]
Subtotal (95% CI) 523 544 2 2 28.45% 0.56[0.43,0.74]
Total events: 99 (Beta-blocker), 198 (Control)
Heterogeneity: Tau?=0.07; Chi?>=14.32, df=9(P=0.11); 1*=37.14%
Test for overall effect: Z=4.11(P<0.0001)
3.4.3 After surgery
Connolly 2003 156/500 195/500 + 6% 0.8[0.67,0.95]
Daudon 1986 0/50 20/50 ‘—‘7 0.33% 0.02[0,0.39]
De Azevedo Llicio 2003 11/100 24/100 — 3.13% 0.46[0.24,0.88]
Evrard 2000 16/103 47/103 — 4.01% 0.34[0.21,0.56]
Forlani 2002 6/51 19/50 —t 2.4% 0.31[0.13,0.71]
Graham 1996 38/213 30/107 —+ 4.51% 0.64[0.42,0.97]
Janssen 1986 7/80 17/50 — 2.49% 0.26[0.11,0.58]
Martinussen 1988 11/35 7/40 -t 2.4% 1.8[0.78,4.13]
Matangi 1985 8/82 17/82 — 2.58% 0.47[0.22,1.03]
Materne 1985 2/32 14/39 s — 1.11% 0.17[0.04,0.71]
Favours beta-blockers ~ 0-01 0.1 1 10 100 Favours control
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Study or subgroup Beta-blocker Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
Matsuura 2001 6/40 15/40 I 2.37% 0.4[0.17,0.93]
Ormerod 1984 4/27 9/33 —t 1.72% 0.54[0.19,1.57]
Osada 2012 3/73 17/68 s — 1.46% 0.16[0.05,0.54]
Paull 1997 12/50 13/50 — 3.03% 0.92[0.47,1.82]
Rubin 1987 6/37 15/40 —+ 2.39% 0.43[0.19,1]
Sakaguchi 2012 6/30 16/30 —t 2.55% 0.38[0.17,0.83]
Salazar 1979 2/20 1/22 e s —— 0.46% 2.2[0.22,22.45]
Silverman 1982 3/50 14/50 s — 1.46% 0.21[0.07,0.7]
Stephenson 1980 7/91 24/136 —+ 2.52% 0.44[0.2,0.97]
Suttorp 1991 24/150 45/150 — 4.36% 0.53[0.34,0.83]
Vecht 1986 5/66 7/66 —tT 1.64% 0.71[0.24,2.14]
White 1984 3/21 7/20 —t 1.42% 0.41[0.12,1.36]
Williams 1982 1/28 6/32 —_— 0.57% 0.19[0.02,1.49]
Subtotal (95% Cl) 1929 1858 L 2 54.91% 0.47[0.37,0.6]
Total events: 337 (Beta-blocker), 579 (Control)
Heterogeneity: Tau?=0.17; Chi*>=56.5, df=22(P<0.0001); 1>=61.06%
Test for overall effect: Z=5.96(P<0.0001)
Total (95% CI) 2878 2772 ¢ 100% 0.5[0.42,0.59]
Total events: 517 (Beta-blocker), 907 (Control)
Heterogeneity: Tau?=0.11; Chi*=79.81, df=39(P=0); 1*=51.13%
Test for overall effect: Z=8.38(P<0.0001)
Test for subgroup differences: Chi*=0.94, df=1 (P=0.63), 1>=0% ‘ ‘ ‘ ‘
Favours beta-blockers ~ 0.01 0.1 1 10 100 Favours control
Analysis 3.5. Comparison 3 Beta-blocker vs control for cardiac surgery:
subgroup by start of beta-blocker therapy, Outcome 5 Bradycardia.
Study or subgroup Beta-blocker Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
3.5.1 Before surgery
Auer 2004 18/125 2/65 s e— 13.13% 4.68[1.12,19.55]
Gomes 1999 1/40 0/45 + 3.16% 3.37[0.14,80.36]
Serruys 2000 11/169 0/155 4‘—’ 3.94% 21.11[1.25,355.18]
Subtotal (95% Cl) 334 265 e 20.22% 5.82[1.78,19.02]
Total events: 30 (Beta-blocker), 2 (Control)
Heterogeneity: Tau?=0; Chi*=1.08, df=2(P=0.58); 1>=0%
Test for overall effect: Z=2.92(P=0)
3.5.2 During surgery
But 2006 1/15 0/15 + 3.25% 3[0.13,68.26]
Cork 1995 0/15 0/14 Not estimable
Ogawa 2013 10/68 9/68 —— 27.96% 1.11[0.48,2.56]
Pfisterer 1997 4/126 2/129 s — 10.05% 2.05[0.38,10.98]
Sezai 2012 0/67 0/34 Not estimable
Subtotal (95% CI) 291 260 - 41.26% 1.32[0.64,2.72]
Total events: 15 (Beta-blocker), 11 (Control)
Heterogeneity: Tau?=0; Chi*=0.7, df=2(P=0.71); 1>=0%
Test for overall effect: Z=0.74(P=0.46)
Favours beta-blockers ~ 0-01 0.1 1 10 100 Favours control
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Study or subgroup Beta-blocker Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI

3.5.3 After surgery

Babin-Ebell 1996 1/33 0/37 t 3.17% 3.35[0.14,79.59]
Hammon 1984 8/24 8/26 — 29.07% 1.08[0.48,2.43]
Matangi 1989 0/35 1/35 t 3.17% 0.33[0.01,7.91]
Suttorp 1991 0/150 1/150 + 3.12% 0.33[0.01,8.12]
Subtotal (95% Cl) 242 248 - 38.52% 1.01[0.48,2.12]

Total events: 9 (Beta-blocker), 10 (Control)
Heterogeneity: Tau?=0; Chi*=1.52, df=3(P=0.68); 1>=0%
Test for overall effect: Z=0.04(P=0.97)

Total (95% CI) 867 773 < 100% 1.63[0.92,2.91]
Total events: 54 (Beta-blocker), 23 (Control)

Heterogeneity: Tau?=0.13; Chi*=10.65, df=9(P=0.3); 1>=15.51%
Test for overall effect: Z=1.67(P=0.1)

Test for subgroup differences: Chi*=6.25, df=1 (P=0.04), 1>=68%

Favours beta-blockers ~ 0-01 0.1 1 10 100 Favours control

Analysis 3.6. Comparison 3 Beta-blocker vs control for cardiac surgery:
subgroup by start of beta-blocker therapy, Outcome 6 Hypotension.

Study or subgroup Beta-blocker Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
3.6.1 Before surgery
Auer 2004 1/125 2/65 s 9.33% 0.26[0.02,2.81]
Gomes 1999 1/40 0/45 + 5.26% 3.37[0.14,80.36]
Serruys 2000 12/169 2/155 L E— 24.12% 5.5[1.25,24.2]
Subtotal (95% ClI) 334 265 —— 38.71% 1.85[0.25,13.45]

Total events: 14 (Beta-blocker), 4 (Control)
Heterogeneity: Tau?=1.73; Chi?>=4.61, df=2(P=0.1); 1*=56.59%
Test for overall effect: Z=0.61(P=0.54)

3.6.2 During surgery

But 2006 3/15 1/15 —_— 11.48% 3[0.35,25.68]
Pfisterer 1997 1/126 1/129 6.94% 1.02[0.06,16.19]
Sezai 2012 0/67 0/34 Not estimable
Subtotal (95% CI) 208 178 —~ 18.42% 2[0.37,10.9]

Total events: 4 (Beta-blocker), 2 (Control)
Heterogeneity: Tau?=0; Chi*=0.36, df=1(P=0.55); 1>=0%
Test for overall effect: Z=0.8(P=0.42)

3.6.3 After surgery

Khuri 1987 3/67 2/74 _ 17.11% 1.66[0.29,9.61]
Matangi 1989 2/35 2/35 e 14.61% 1[0.15,6.71]
Salazar 1979 2/20 0/22 > 5.97% 5.48[0.28,107.62]
Suttorp 1991 0/150 1/150 + 5.19% 0.33[0.01,8.12]
Subtotal (95% Cl) 272 281 - 42.88% 1.36[0.45,4.12]

Total events: 7 (Beta-blocker), 5 (Control)
Heterogeneity: Tau?=0; Chi*=1.74, df=3(P=0.63); 1>=0%

Favours beta-blockers ~ 0-01 0.1 1 10 100 Favours control
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Study or subgroup Beta-blocker Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI

Test for overall effect: Z=0.54(P=0.59)

Total (95% CI) 814 724 - 100% 1.84[0.89,3.8]
Total events: 25 (Beta-blocker), 11 (Control)

Heterogeneity: Tau?=0; Chi*=7.28, df=8(P=0.51); 1>=0%

Test for overall effect: Z=1.64(P=0.1)

Test for subgroup differences: Chi*=0.17, df=1 (P=0.92), 1>=0%

Favours beta-blockers ~ 0-01 0.1 1 10 100 Favours control

APPENDICES

Appendix 1. CENTRAL search strategy

#1 MeSH descriptor: [Adrenergic beta-Antagonists] explode all trees
#2 MeSH descriptor: [Bendroflumethiazide] explode all trees

#3 (acebutolol* or adimolol* or afurolol* or alpha hydroxymetoprolol* or alprenolol* or amosulalol* or arotinolol* or atenolol* or
befunolol* or bendroflumethiazide* or betaxolol* or bevantolol* or bfe 55 or bisoprolol* or bopindolol* or bornaprolol* or brefonalol*
or bromoacetylalprenololmenthane* or bucindolol* or bucumolol* or bufetolol* or bufuralol* or bunitrolol* or bunolol* or bupranolol*
or butofilolol* or butoxamine* or carazolol* or carteolol* or carvedilol* or celiprolol* or cetamolol* or cloranolol* or cyanoiodopindolol*
or cyanopindolol* or deacetylmetipranolol™ or diacetolol* or dihydroalprenolol* or dilevalol* or epanolol* or esmolol* or exaprolol* or
falintolol* or flestolol* or flusoxolol* or hydroxybenzylpindolol* or indenolol* or iodocyanopindolol* or iodopindolol* or iprocrolol* or
isamoltane* orisoxaprolol* or labetalol* or landiolol* or levobunolol* or levomoprolol* or medroxalol* or mepindolol* or mercuderamide*
or metipranolol* or metoprolol* or moprolol* or nadolol* or nebivolol* or nifenalol* or nipradilol* or oxprenolol* or pafenolol* or
pamatolol* or penbutolol* or pindolol* or practolol* or primidolol™ or prizidilol* or pronetalol* or propranolol* or proxodolol* or ridazolol*
or salcardolol* or sandoz 204545 or soquinolol* or sotalol* or spirendolol* or talinolol* or tertatolol* or tienoxolol* or tilisolol* or timolol*
or tolamolol™* or toliprolol* or trasitensin* or trepress* or tribendilol* or viskaldix* or xibenolol* or zolertine or adaprolol* or bamosiran*
or bendacalol* or dramedilol* or ersentilide* or oberadilol* or procinolol* or zoleprodolol*):ti,ab,kw

#4 (beta* near (adrenergic* or blocker* or blockade* or blocking)):ti,ab,kw
#5 (#1 OR #2 OR #3 OR #4)

#6 MeSH descriptor: [Premedication] explode all trees

#7 MeSH descriptor: [Preanesthetic Medication] explode all trees

#8 MeSH descriptor: [Intraoperative Period] explode all trees

#9 MeSH descriptor: [Intraoperative Complications] explode all trees

#10 MeSH descriptor: [Perioperative Period] explode all trees

#11 MeSH descriptor: [Postoperative Complications] explode all trees

#12 MeSH descriptor: [Postoperative Period] explode all trees

#13 MeSH descriptor: [Preoperative Period] explode all trees

#14 (intraoperat* or perioperat* or peroperat® or postoperat* or preoperat* or premedicat® or intra operat* or peri operat* or per operat*
or post operat* or pre operat* or pre medicat*):ti,ab,kw or ((during or before or prior or undergo* or following or after) NEAR/3 (surg* or
operat* or infusion* or procedur* or bypass or intubat* or anaesth* or anesth*)):ti,ab,kw

#15 (#6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12 OR #13 OR #14)

#16 MeSH descriptor: [Specialties, Surgical] explode all trees
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#17 MeSH descriptor: [Anesthesia, General] explode all trees

#18 MeSH descriptor: [Coronary Artery Bypass] explode all trees

#19 (surg* or operat* or anesth* or anaesth* or bypass):ti,ab,kw

#20 (#16 OR #17 OR #18 OR #19)

#21 (#5 AND #15 AND #20)

#22 #21in Trials

Appendix 2. MEDLINE search strategy

1.

5.

exp Adrenergic beta-Antagonists/ or exp Bendroflumethiazide/ or (acebutolol* or adimolol* or afurolol* or alpha hydroxymetoprolol*
or alprenolol* or amosulalol* or arotinolol* or atenolol* or befunolol* or bendroflumethiazide* or betaxolol* or bevantolol* or bfe
55 or bisoprolol* or bopindolol* or bornaprolol* or brefonalol* or bromoacetylalprenololmenthane* or bucindolol* or bucumolol*
or bufetolol* or bufuralol* or bunitrolol* or bunolol* or bupranolol* or butofilolol* or butoxamine* or carazolol* or carteolol*
or carvedilol* or celiprolol* or cetamolol* or cloranolol* or cyanoiodopindolol* or cyanopindolol* or deacetylmetipranolol* or
diacetolol* or dihydroalprenolol* or dilevalol* or epanolol* or esmolol* or exaprolol* or falintolol* or flestolol* or flusoxolol* or
hydroxybenzylpindolol* orindenolol* oriodocyanopindolol* oriodopindolol* oriprocrolol* orisamoltane* or isoxaprolol* or labetalol*
or landiolol* or levobunolol* or levomoprolol* or medroxalol* or mepindolol* or mercuderamide* or metipranolol* or metoprolol* or
moprolol* or nadolol* or nebivolol* or nifenalol* or nipradilol* or oxprenolol* or pafenolol* or pamatolol* or penbutolol* or pindolol*
or practolol* or primidolol* or prizidilol* or pronetalol* or propranolol* or proxodolol* or ridazolol* or salcardolol* or sandoz 204545
or soquinolol* or sotalol* or spirendolol* or talinolol* or tertatolol* or tienoxolol* or tilisolol* or timolol* or tolamolol* or toliprolol* or
trasitensin® or trepress* or tribendilol* or viskaldix* or xibenolol* or zolertine or adaprolol* or bamosiran* or bendacalol* or dramedilol*
or ersentilide* or oberadilol* or procinolol* or zoleprodolol* or (beta* adj3 (adrenergic* or blocker* or blockade* or blocking))).ti,ab,kf.

exp Premedication/ or Preanesthetic Medication/ or Intraoperative Period/ or Intraoperative Complications/ or Perioperative Period/
or Postoperative Complications/ or Postoperative Period/ or Preoperative Period/ or (intraoperat* or perioperat* or peroperat* or
postoperat* or preoperat* or premedicat* or intra operat* or peri operat* or per operat* or post operat* or pre operat* or pre
medicat®).ti,ab,hw,kf. or ((during or before or prior or undergo* or following or after) adj3 (surg* or operat* or infusion* or intubat* or
an?esth* or procedur* or bypass)).ti,ab,kf.

exp Specialties, Surgical/ or General Surgery/ or coronary artery bypass/ or su.xs. or (surg* or operat* or bypass).ti,ab,hw,kf. or exp
Anesthesia, General/ or an?esth*.ti,ab,hw,kf.

((randomized controlled trial or controlled clinical trial).pt. or random*.ab. or placebo.ab. or clinical trials as topic.sh. or random
allocation.sh. or trial.ti.) not (exp animals/ not humans.sh.)

land2and3and4

Appendix 3. Embase search strategy

1.

exp beta adrenergic receptor blocking agent/ or bendroflumethiazide/ or (acebutolol* or adimolol* or afurolol* or alpha
hydroxymetoprolol* or alprenolol* or amosulalol* or arotinolol* or atenolol* or befunolol* or bendroflumethiazide* or betaxolol* or
bevantolol* or bfe 55 or bisoprolol* or bopindolol* or bornaprolol* or brefonalol* or bromoacetylalprenololmenthane* or bucindolol*
or bucumolol* or bufetolol* or bufuralol* or bunitrolol* or bunolol* or bupranolol* or butofilolol* or butoxamine* or carazolol* or
carteolol* or carvedilol* or celiprolol* or cetamolol* or cloranolol* or cyanoiodopindolol* or cyanopindolol* or deacetylmetipranolol*
or diacetolol* or dihydroalprenolol* or dilevalol* or epanolol* or esmolol* or exaprolol* or falintolol* or flestolol* or flusoxolol* or
hydroxybenzylpindolol* orindenolol* oriodocyanopindolol* oriodopindolol* oriprocrolol* orisamoltane* or isoxaprolol* or labetalol*
or landiolol* or levobunolol* or levomoprolol* or medroxalol* or mepindolol* or mercuderamide* or metipranolol* or metoprolol*
or moprolol* or nadolol* or nebivolol* or nifenalol* or nipradilol* or oxprenolol* or pafenolol* or pamatolol* or penbutolol* or
pindolol* or practolol* or primidolol* or prizidilol* or pronetalol* or propranolol* or proxodolol* or ridazolol* or salcardolol* or sandoz
204545 or soquinolol* or sotalol* or spirendolol* or talinolol* or tertatolol* or tienoxolol* or tilisolol* or timolol* or tolamolol* or
toliprolol* or trasitensin* or trepress* or tribendilol* or viskaldix* or xibenolol* or zolertine or adaprolol* or bamosiran* or bendacalol*
or dramedilol* or ersentilide* or oberadilol* or procinolol* or zoleprodolol* or (beta* adj3 (adrenergic* or blocker* or blockade* or
blocking))).ti,ab,kw,hw.

premedication/ or intraoperative period/ or peroperative complication/ or perioperative period/ or postoperative complication/ or
postoperative period/ or preoperative period/ or (intraoperat* or perioperat* or peroperat* or postoperat* or preoperat* or premedicat*
or intra operat™ or peri operat* or per operat* or post operat* or pre operat* or pre medicat*).ti,ab,hw,kw. or ((during or before or prior
or undergo* or following or after) adj3 (surg* or operat* or infusion* or intubat* or an?esth* or procedur* or bypass)).ti,ab,kw.

exp surgery/ or exp general anesthesia/ or coronary artery bypass graft/ or (surg* or operat* or bypass or an?esth*).ti,ab,hw,kw.

4. (placebo.sh. or controlled study.ab. or random*.ti,ab. or trial*.ti,ab. or ((singl* or doubl* or trebl* or tripl*) adj3 (blind* or mask*)).ti,ab.)

not (animals not (humans and animals)).sh.
land2and3and4
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Appendix 4. CINAHL search strategy

S1 (MH "Adrenergic Beta-Antagonists+") OR TX ( acebutolol* or adimolol* or afurolol* or alpha hydroxymetoprolol* or alprenolol* or
amosulalol* or arotinolol* or atenolol* or befunolol* or bendroflumethiazide* or betaxolol* or bevantolol* or bfe 55 or bisoprolol* or
bopindolol* or bornaprolol* or brefonalol* or bromoacetylalprenololmenthane* or bucindolol* or bucumolol* or bufetolol* or bufuralol*
orbunitrolol* or bunolol* or bupranolol* or butofilolol* or butoxamine* or carazolol* or carteolol* or carvedilol* or celiprolol* or cetamolol*
or cloranolol* or cyanoiodopindolol* or cyanopindolol* or deacetylmetipranolol* or diacetolol* or dihydroalprenolol* or dilevalol* or
epanolol* oresmolol* or exaprolol* or falintolol* or flestolol* or flusoxolol* or hydroxybenzylpindolol* orindenolol* oriodocyanopindolol*
or iodopindolol* or iprocrolol* or isamoltane* or isoxaprolol* or labetalol* or landiolol* or levobunolol* or levomoprolol* or medroxalol*
or mepindolol* or mercuderamide* or metipranolol* or metoprolol* or moprolol* or nadolol* or nebivolol* or nifenalol* or nipradilol* or
oxprenolol* or pafenolol* or pamatolol* or penbutolol* or pindolol* or practolol* or primidolol* or prizidilol* or pronetalol* or propranolol*
or proxodolol* or ridazolol* or salcardolol* or sandoz 204545 or soquinolol* or sotalol* or spirendolol* or talinolol* or tertatolol* or
tienoxolol* or tilisolol* or timolol* or tolamolol* or toliprolol* or trasitensin* or trepress* or tribendilol* or viskaldix* or xibenolol* or
zolertine or adaprolol* or bamosiran* or bendacalol* or dramedilol* or ersentilide* or oberadilol* or procinolol* or zoleprodolol*) OR TX
( (beta* and (adrenergic* or blocker* or blocking or blockade*)))

S2 ((MH "Premedication") OR (MH "Intraoperative Period") OR (MH "Postoperative Period") OR (MH "Intraoperative Complications") OR
(MH "Preoperative Period") OR (MH "Postoperative Complications")) OR TX ( intraoperat* or perioperat* or peroperat* or postoperat* or
preoperat* or premedicat* or intra operat* or peri operat* or per operat* or post operat* or pre operat* or pre medicat*) or TX ((during or
before or prior or undergo* or following or after) N3 (surg* or operat* orinfusion* or intubat* or anaesth* or anesth* or procedur* or bypass))

S3 (MH "Specialties, Surgical+") OR (MH "Anesthesia, General+") OR (MH "Coronary Artery Bypass+") OR TX (surg* or operat* or bypass or
an*esth*)

S4 S1AND S2 AND S3

S5 ((MH "Randomized Controlled Trials") OR (MH "Clinical Trials+") OR (MH "Random Assignment") OR (MH "Prospective Studies+") OR
(MH "Clinical Trial Registry") OR (MH "Double-Blind Studies") OR (MH "Single-Blind Studies") OR (MH "Triple-Blind Studies") OR (MH
"Multicenter Studies") OR (MH "Placebos")) OR TX (random™* or placebo* or trial*)

S6 S4 AND S5

Appendix 5. BIOSIS Previews search strategy

#1 TS=(acebutolol* or adimolol* or afurolol* or alpha hydroxymetoprolol* or alprenolol* or amosulalol* or arotinolol* or atenolol* or
befunolol* or bendroflumethiazide* or betaxolol* or bevantolol* or bfe 55 or bisoprolol* or bopindolol* or bornaprolol* or brefonalol*
or bromoacetylalprenololmenthane* or bucindolol* or bucumolol* or bufetolol* or bufuralol* or bunitrolol* or bunolol* or bupranolol*
or butofilolol* or butoxamine* or carazolol* or carteolol* or carvedilol* or celiprolol* or cetamolol* or cloranolol* or cyanoiodopindolol*
or cyanopindolol* or deacetylmetipranolol” or diacetolol* or dihydroalprenolol* or dilevalol* or epanolol* or esmolol* or exaprolol* or
falintolol* or flestolol* or flusoxolol* or hydroxybenzylpindolol* or indenolol* or iodocyanopindolol* or iodopindolol* or iprocrolol* or
isamoltane* orisoxaprolol* or labetalol* or landiolol* or levobunolol* or levomoprolol* or medroxalol* or mepindolol* or mercuderamide*
or metipranolol* or metoprolol* or moprolol* or nadolol* or nebivolol* or nifenalol* or nipradilol* or oxprenolol* or pafenolol* or
pamatolol* or penbutolol* or pindolol* or practolol* or primidolol* or prizidilol* or pronetalol* or propranolol* or proxodolol* or ridazolol*
or salcardolol” or sandoz 204545 or soquinolol* or sotalol* or spirendolol* or talinolol* or tertatolol* or tienoxolol* or tilisolol* or timolol*
or tolamolol* or toliprolol* or trasitensin* or trepress* or tribendilol* or viskaldix* or xibenolol* or zolertine or adaprolol* or bamosiran*
or bendacalol* or dramedilol* or ersentilide* or oberadilol* or procinolol* or zoleprodolol* or (beta* NEAR (adrenergic* or blocker* or
blocking)))

#2 TS=(intraoperat™ or perioperat* or peroperat* or postoperat* or preoperat* or premedicat* or “intra operat*” or “peri operat*” or “per
operat*” or “post operat*” or “pre operat*” or “pre medicat*”) or TS= ((during or before or prior or undergo* or following or after) NEAR/3
(surg* or operat™ or infusion® or procedur* or bypass or intubat* or anaesth* or anesth*))

*2 *9)

#3 TS=(surg" or operat* or anesth* or anaesth* or bypass)

#4 TS=(placebo* or random* or control* or prospectiv* or volunteer* or (clin* NEAR/3 trial*) or (compar* NEAR/3 stud*) or ((singl* or doubl*
or trebl* or tripl*) NEAR/3 (blind* or mask*)))

#5 #4 AND #3 AND #2 AND #1

Appendix 6. Web of Science search strategy

#1 TS=(acebutolol* or adimolol* or afurolol* or alpha hydroxymetoprolol* or alprenolol* or amosulalol* or arotinolol* or atenolol* or
befunolol* or bendroflumethiazide* or betaxolol* or bevantolol* or bfe 55 or bisoprolol* or bopindolol* or bornaprolol* or brefonalol*
or bromoacetylalprenololmenthane* or bucindolol* or bucumolol* or bufetolol* or bufuralol* or bunitrolol* or bunolol* or bupranolol*
or butofilolol* or butoxamine* or carazolol* or carteolol* or carvedilol* or celiprolol* or cetamolol* or cloranolol* or cyanoiodopindolol*
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or cyanopindolol* or deacetylmetipranolol* or diacetolol* or dihydroalprenolol* or dilevalol* or epanolol* or esmolol* or exaprolol* or
falintolol* or flestolol* or flusoxolol* or hydroxybenzylpindolol* or indenolol* or iodocyanopindolol* or iodopindolol* or iprocrolol* or
isamoltane* orisoxaprolol* or labetalol* or landiolol* or levobunolol* or levomoprolol* or medroxalol* or mepindolol* or mercuderamide*
or metipranolol* or metoprolol* or moprolol* or nadolol* or nebivolol* or nifenalol* or nipradilol* or oxprenolol* or pafenolol* or
pamatolol* or penbutolol* or pindolol* or practolol* or primidolol* or prizidilol* or pronetalol* or propranolol* or proxodolol* or ridazolol*
or salcardolol* or sandoz 204545 or soquinolol* or sotalol* or spirendolol* or talinolol* or tertatolol* or tienoxolol* or tilisolol* or timolol*
or tolamolol* or toliprolol* or trasitensin* or trepress* or tribendilol* or viskaldix* or xibenolol* or zolertine or adaprolol* or bamosiran*
or bendacalol* or dramedilol* or ersentilide* or oberadilol* or procinolol* or zoleprodolol* or (beta* NEAR (adrenergic* or blocker* or
blocking)))

#2 TS=(intraoperat™ or perioperat* or peroperat* or postoperat* or preoperat* or premedicat* or “intra operat*” or “peri operat*” or “per
operat*” or “post operat*” or “pre operat*” or “pre medicat*”) or TS= ((during or before or prior or undergo* or following or after) NEAR/3
(surg* or operat* or infusion* or procedur* or bypass or intubat* or anaesth* or anesth*))

#3 TS=(surg” or operat* or anesth* or anaesth* or bypass)

#4 TS=(placebo* or random* or control* or prospectiv* or volunteer* or (clin* NEAR/3 trial*) or (compar* NEAR/3 stud*) or ((singl* or doubl*
or trebl* or tripl*) NEAR/3 (blind* or mask*)))

#5 #4 AND #3 AND #2 AND #1

Appendix 7. Conference Proceedings Citation Index-Science search strategy

#1 TS=(acebutolol* or adimolol* or afurolol* or alpha hydroxymetoprolol* or alprenolol* or amosulalol* or arotinolol* or atenolol* or
befunolol* or bendroflumethiazide* or betaxolol* or bevantolol* or bfe 55 or bisoprolol* or bopindolol* or bornaprolol* or brefonalol*
or bromoacetylalprenololmenthane* or bucindolol* or bucumolol* or bufetolol* or bufuralol* or bunitrolol* or bunolol* or bupranolol*
or butofilolol* or butoxamine* or carazolol* or carteolol* or carvedilol* or celiprolol* or cetamolol* or cloranolol* or cyanoiodopindolol*
or cyanopindolol* or deacetylmetipranolol™ or diacetolol* or dihydroalprenolol* or dilevalol* or epanolol* or esmolol* or exaprolol* or
falintolol* or flestolol* or flusoxolol* or hydroxybenzylpindolol* or indenolol* or iodocyanopindolol* or iodopindolol* or iprocrolol* or
isamoltane* orisoxaprolol” or labetalol* or landiolol* or levobunolol* or levomoprolol* or medroxalol* or mepindolol* or mercuderamide*
or metipranolol* or metoprolol* or moprolol* or nadolol* or nebivolol* or nifenalol* or nipradilol* or oxprenolol* or pafenolol* or
pamatolol* or penbutolol* or pindolol* or practolol* or primidolol™ or prizidilol* or pronetalol* or propranolol™* or proxodolol* or ridazolol*
or salcardolol* or sandoz 204545 or soquinolol™ or sotalol* or spirendolol* or talinolol* or tertatolol* or tienoxolol* or tilisolol* or timolol*
or tolamolol™* or toliprolol* or trasitensin* or trepress* or tribendilol* or viskaldix* or xibenolol* or zolertine or adaprolol* or bamosiran*
or bendacalol* or dramedilol* or ersentilide* or oberadilol* or procinolol* or zoleprodolol* or (beta* NEAR (adrenergic* or blocker* or
blocking)))

#2 TS=(intraoperat™ or perioperat* or peroperat* or postoperat* or preoperat* or premedicat* or “intra operat*” or “peri operat*” or “per
operat*” or “post operat*” or “pre operat*” or “pre medicat*”) or TS= ((during or before or prior or undergo* or following or after) NEAR/3
(surg* or operat* or infusion* or procedur* or bypass or intubat* or anaesth* or anesth*))

#3 TS=(surg” or operat* or anesth* or anaesth* or bypass)

#4 TS=(placebo* or random* or control* or prospectiv* or volunteer* or (clin* NEAR/3 trial*) or (compar* NEAR/3 stud*) or ((singl* or doubl*
or trebl* or tripl*) NEAR/3 (blind* or mask*)))

#5 #4 AND #3 AND #2 AND #1

Appendix 8. Data extraction form

Completed by:

Date completed:

Study ID
Methods
Participants Total number of randomized participants:
Inclusion criteria:
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Exclusion criteria:

Type of surgery:
Baseline characteristics
Intervention group

« Age, mean (SD):

« Gender, M/F:

o ASAstatus (or other illness severity score):
« History of coronary heart disease, n:

« History of myocardial infarction, n:

« History of hypertension, n:

« Ejection fraction, mean (SD), %:

« Preoperative use of beta-blockers, n:

Control group

« Age, mean (SD):

« Gender, M/F:

» ASAstatus:

« History of coronary heart disease, n:
o History of myocardial infarction, n:

« History of hypertension, n:

« Ejection fraction, mean (SD), %:

o Preoperative use of beta-blockers, n:

Country:

Setting:

Interventions Intervention group

« Randomized, n =;losses =; analysed, n=
« Details:

Control group

« Randomized, n =;losses =; analysed, n=
« Details:

Outcomes Outcomes measured/reported by study authors:

Outcomes relevant to the review:

Notes Funding/declarations of interest:
Study dates:

Notes:

Outcome data

(Complete tables for all available relevant outcome data)

Perioperative beta-blockers for preventing surgery-related mortality and morbidity in adults undergoing cardiac surgery (Review) 161
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Name of outcome:

Time point of measurement:

Intervention group

Number of events

Total number of participants in the group

Control group

Number of events

Total number of participants in the group

Name of outcome:

Length of stay

Intervention group

Mean SD

Total number of participants in the group

Control group

Mean SD

Total number of participants in the group

Risk of bias table

Domain

High/Low/ Judgement

Unclear

Random sequence generation (selection bias)

Allocation concealment

(selection bias)

Blinding of participants and personnel (performance bias)

Blinding of outcome assessors (detection bias)

Incomplete outcome data (attrition bias)

Selective reporting

Perioperative beta-blockers for preventing surgery-related mortality and morbidity in adults undergoing cardiac surgery (Review)
Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

162



O

Cpchrane
Library

Trusted evidence.

Informed decisions.

Better health.

Cochrane Database of Systematic Reviews

(Continued)

(reporting bias)

Other bias

Appendix 9. Summary of risk factors in included studies

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

Study ID Age in years, mean Gender, Previous History of Ejection fraction,mean  Preopera-
(sp)a,b MI, %*b (SD)* as %b tive
M/F, nb hyperten-
sion, %b be-
ta-block-
ers, %b
Abel 1983 1:56.8 (SEM % 1.3) I:44/6 NR NR NR NR
C:56.4 (SEM +£1.2) C:39/11
Ali 1997 I: 65.1 (£ 8.4) I: 74/31 NR NR I: 59 (+ 14) 100
C:56 (+8)
C:63.3(x7.2) C:69/36
Arar 2007 I: 57.46 (+ 8.03) 1:17/23 NR NR Overall: > 40 100
C:59.18 (£9.91) C:16/24
Auer 2004 I: 68 (+9) I:37/25 I: 21 I: 66.1 1:69 (+9) 1:38.7
I: 66 (+ 10) I:40/23 I:15.9 I:66.7 1: 69 (x9) 1:39.7
C:63(+12) C:38/27 C:154 C:55.4 C:68(+8) C:33.8
Babin-Ebell  1:61.4 (+8.7) I: 25/8 I 57 I: 66 Overall: > 40 I: 61
1996
C:64.3(x9.1) C:31/6 C:35 C:49 C:65
Bert 2001 I: 63.8 (+ 10.7) I: 54/17 NR NR I: 49 (+ 10) 1:76.1
C:63.6 (£9.6) C:50/10 C:49(x11) C:71.7
Bignami 1: 62 (+10.8) I:18/3 NR 1:57.1 1:37 (£7.1) 1: 61.9
2017
C:63(+14.5) C:25/5 C:46.7 C:38(+8.9) C:50
Booth 2004 I: 64 (+ 1.6) 1:21/12 NR NR I:52 (x2) 1: 59
C:59 (£ 1.7) C:25/14 C:56(+2) C:63
But 2006 I: 58 (+ 6) I: 8/7 I: 46.7 1:33.3 I: 49 (£ 5) 1:26.7
C:57 (+5) C:6/9 C:33.3 C:40 C:51(+5) C:20
Connolly I: 63 (+ 10) 1:390/10 NR NR NR I: 82
2003
C:62 (£ 10) C:400/10 C:79
Cork 1995 1: 60 (+2.7) I:11/5 NR NR 1:51.3 (+4.9) 1:37.5
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C:63.2(x2.1) C:8/6 C:57.6 (£4.0) C:7.1
Daudon 1986  1:51.8 (+ 8) I: 49/1 NR NR 1: 59 (+ 12) I: 74
C:56(x9) C:46/4 C:61(x11) C:70
De Azevedo 1: 59 (+ 10) 1:72/28 I:42 I: 59 I:>0.50 (85% partici- I: 65
Lucio 2003 pants); 0.35 to 0.50 (15%
C:62(+11) C:74/26 C:42 C:63 participants) C:63
C:>0.50 (82% partici-
pants); 0.35 to0 0.50 (17%
participants)
Dy 1998 NR NR NR NR Overall: <30 NR
Evrard 2000 1:61(£9) I:92/11 1:38 NR 1:61 (+13) I: 67
C:61(9) C:92/11 C: 40 C: 60 (+12) C:68
Forlani2002  I: 64 (+ 10) I: 42/9 l: 51 1172 |: 54.7 (+ 9.5) I: 45
C:64(+9) C: 44/6 C:65 C:62 C:54.6 (+9.5) C:38
Gandhi 2007 1:59.14 (+ 1.12) I:66/1 1:61.2 NR Overall: =30 NR
C:56.96 (+1.09) C:68/6 C:56.8
Girard 1986 1:62 (+9) I: 8/1 I: 44.4 1:22.2 I: 65 ( 14) I: 44.4
C:59 (£ 5) C:4/4 C:62.5 C:62.5 C: 61 (+23) C:62.5
Gomes 1999 I: 61 (+10) 1:27/13 NR NR 1:50 (+9) 1: 20
C:69 (£ 10) C:28/17 C:48(9) C:46.6
Graham 1996 NR NR NR NR NR NR
Hammon NR NR NR NR NR NR
1984
Harrison I:56.7 (+ 2.06) I:13/2 NR NR NR NR
1987
C:56.0 (+2.16) C:14/1
Ivey 1983 I: 54.4 (+9.7) NR NR NR Overall: > 40 Overall: 100
C:59.1 (+ 10)
Jacquet 1994  1:59.3 (£9.2) I:21/4 I: 36 NR l: 56 (+ 11.5) I: 64
C:61.7 (+6) C:16/1 C:52.9 C:60.3 (£13.7) C:52.9
Janssen I: 58 (range 31 to 74) I:34/7 I:26.8 NR Overall:>30 NR
1986
C:57.5 (range 37 to 68) C:31/8 C:41
Khuri 1987 1:60.4 (+0.8) NR I:32.8 NR NR 1: 86.6
C:59.5 (+ 1.0) C:37.8 C:93.2
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Kurian 2001 1: 60.2 (+ 6.69) I: 25/6 NR NR NR NR
C:61.1(+7.47) C:33/4
Lamb 1988 1:52.7 (+7.8) 1:27/3 I: 60 NR Overall: > 40 1:53.3
C:57.1(x7.3) C:25/5 C:63.3 C:46.7
Liu 2016 : 58.9 (£ 9.8) l: 8/4 Overall, I: 66.7 l:52.7 (+ 6) :8.3
within 4
C:62.1(7.1) C:6/6 weeks: 0 C:66.7 C:55.8 (+3.2) C:0
Martinussen 1: 57 (+.1.1) 1:42/10 Mean (SD) NR I: 68.4 (+1.9) I: 50
1988 per partic-
C: 54 (+0.9) C: 47/9 ipant C:63.0 (£2.0) C: 57
1:0.8 (2
0.1)
C:0.9(0.1)
Matangi I: 54.6 (+9.3) I:67/15 I: 50 1:41/82 Overall: > 35 Overall: 100
1985
C:55.7 (+9.9) C:63/19 C:65.9 C: 44/82
Matangi 1:58.9 (+8.1) 1:28/7 I: 54.9 1:45.7 I: 64.6 (+9.2) 1:77.1
1989
C:59.4 (+8.6) C:27/8 C:48.6 C:42.9 C:64.5 (+8.8) C:65.7
Materne 1:55.1 (+7.6) I:28/4 NR NR Overall > 40 I: 65.6
1985
C:57.9 (+6.9) C:32/7 C:58.9
Matsuura 1: 62 (+10) 1:32/8 NR I: 55 I: 56 (+ 15) I: 50
2001
C: 60 (+9) C:33/7 C: 50 C: 55 (+ 14) C: 40
Mohr 1981 I: 56 (range 38 to 71) 1:33/4 NR 1: 48.6 1: 50% - 17; 35% to 50% - Overall: 100
16; 30% to 35% - 4
C: 57 (range 37to 72) C:39/9 C:37.5
C:50% - 19; 35% to 50% -
23;30% to 35%-6
Myhre 1984 1: 53 (£ 8.9) I: 15/5 NR NR I:67.4 (+11.6) Overall: 100
C: 59 (+ 8.5)
C:17/3 C:65.4 (+16.1)
Neto 2013 1:57.9 (+ 1.4) NR Overall, NR 1:66.3 (SEM £1.1) Overall: 0
within 30
C:59 (+1.7) days: 0 C:64 (SEM£1)
Neustein I: 68 (+ 8) I:12/5 NR NR NR Overall: 0
1994
C:61(x12) C:15/8
Nicolson 1:58.2 (+2) I: 14/3 NR NR Overall: > 45 I:23.5
1990
C:61.3(¢3) C:15/2 C:17.6
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Nystrom I: 59 (range 33 to 75) I: 45/5 Mean (SD) NR I: 60 (+ 10) I: 84
1993 per partic-
C: 60 (range 43to 71) C:43/8 ipant: C:60 (+20) C:78.4
I:1(x1.3)
C:1(+0.9)
Ogawa 2013  1:69.3 (+6.3) I: 49/19 : 42.6 1:67.6 l: 59.6 (+ 11.5) I: 50
C:71.6(£7.8) C:56/12 C:54.4 C:76.5 C:53.9 (£ 11.9) C:22
Oka 1980 1: 56 (+2) I:11/8 I: 26 1:32 NR Overall: 100
C:56 (+2) C:11/6 C:23 C:41
C:55(+2) C:12/6 C:28 C:28
Ormerod 1:54.9 1:23/4 I:44.4 NR Overall: > 40 NR
1984
C:51.8 C:30/3 C:36.4
Osada 2012 NR NR NR NR NR NR
Paull 1997 NR NR NR NR Overall: 30 NR
Pfisterer : 61 (+9) I: 101/9 l: 58 I: 50 l: 61 (+ 10) I: 82
197 C:60(+9) C:94/16 C:60 C:58 C:60(+x13) C:72
Reves 1990 1:57 (£ 9) I: 14/2 NR NR I: 55 (+12) Overall: 100
C: 55 (+ 10) C:13/1 C: 48 (¢ 15)
Rubin 1987 1: 55.0 (+ 8.6) NR NR 1:37.8 Overall:>50 1: 75.7
C:55.8 (+2) C:72.5 C:72.5
Sakaguchi 1: 69.3 (+ 8.6) I: 15/15 NR 1: 70 I:57.5(£9.3) 1:3.3
2012 C:68.7 (+10) C:17/13 C:63.3 C:60.5(+7.6) c:10
Salazar 1979  NR NR NR NR NR Overall: 100
Serruys 2000 1:57.9 (+ 10.0) I: 147/22 I: 49.7 1:29.6 NR 1:62.1
C:58.6 (+9.7) C:137/18 C:36.1 C:27.7 C:62.6
Sezai 2011 I: 68.5 (+4.7) I: 62/8 I:47.1 1:82.9 I: 54.5 (+ 14.2) 1:24.3
C:66.7 (+8.9) C:66/4 C:45.7 C:71.4 C:55.6 (+13.5) C:35.7
Sezai 2012 I: 68.5 (£ 9.6) I: 26/8 l:35.3 : 76.5 l: 60.4 (+ 10.1) l: 26.5
1:68.1 (£ 8.2) I: 26/7 l: 48.5 I: 82.4 l: 53.9 (+ 14.5) 1:21.1
C:68.2(£7.5) C:30/4 C:38.2 C:82.4 C:60.0 (+13.6) C:26.5
Silverman 1:55.2 (+ 1.7) I:48/2 I: 56 I: 44 NR Overall: 100
1982
C:58.2 (+1.5) C:45/5 C:64 C:54
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Skiba 2013 1:67.5(+1.8) 1: 56/19 I: 28 I: 57 Overall: > 30 1:17.3

C:63.3(x1.2) C:60/13 C: 26 C:60 C:5.5
Stephenson 1: 54 1: 80/7 NR NR NR 1:72.4
1980

C:56 C:122/14 C:63.2
Sun 2011 NR NR NR NR NR NR
Suttorp 1991  1: 62 (+ 8.4) 1:121/29 I: 50 NR Overall: > 40% 1: 78.7

C:62(+9.5) C:113/37 C:51.3 C:72
Vecht 1986 I: 54.2 (range 38-70) I:60/6 NR NR NR I: 86.4

C: 54.0 (range 34-71) C:61/5 C:83.3
Wenke 1999 1:63.17 (x9.2) 1:79/21 NR NR 1:63.4 (£13.1) l:61

C:6.9(+9.5) C:75/25 C:62.2 (+14.0) C: 56
White 1984 I: 55 (£ 9) 1:17/4 NR NR I:63 (+11) 1: 100

C:56 (+10) C:17/3 C:62(+12) C:90
Williams 1:55.3 I:25/3 NR NR NR 1:89.3
1982

C:55.3 C:24/8 C:843
Yazicioglu 1:57.1(x7.3) 1:32/8 I: 10 1:30 I:52 (+6.1) NR
2002

C:55.3(+8.1) C:30/10 C:12.5 C:225 C:50 (+5.7)

C: control group; I: intervention group; ID: identification; M/F: male/female; MI: myocardial infarction; NR: not reported; SD: stan-
dard deviation; SEM: standard error of the mean

aUnless otherwise stated.
bData were collected from baseline characteristics tables, or overall data were taken from study inclusion or exclusion criteria.

WHAT'S NEW

Date Event Description

7 October 2019 Amended Complete reference to companion review (Blessberger 2019)
added. It was in progress at the time of initial publication.

HISTORY

Review first published: Issue 9, 2019

Date Event Description

1 September 2019 New search has been performed « We conducted a search for new studies
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Date Event Description
« Weincluded 10 new studies. The remaining studies were previ-
ously included in Blessberger 2018.
1 September 2019 New citation required but conclusions « Thepreviousversion of the review assessed evidence in cardiac

have not changed

and non-cardiac surgery (Blessberger2018). We split the review
according to type of surgery. The current version assesses the
evidence only in cardiac surgery. The evidence for non-cardiac
surgery is reported in (Blessberger 2019).

We added three new review authors (Sharon Lewis, Michael
Pritchard, Lizzy Fawcett). Three review authors (Danyel Azar,
Martin Schillinger, Franz Wiesbauer) were not included in this
update.

We reduced the number of outcomes to improve the man-
ageability and focus of the review. Myocardial ischaemia,
supraventricular arrhythmias (except for atrial fibrillation),
ventricular extrasystoles, bronchospasm, and cost of care are
notincluded; effect estimates for these can be found in the pre-
vious version (Blessberger 2018).

We did not conduct meta-regression or trial sequential analy-
sis. We explored heterogeneity through subgroup analysis and
decisions made as part of the review process through sensitiv-
ity analysis.

We included 10 new studies.

Conclusions remain unchanged.

22 February 2018
have not changed

New citation required but conclusions

Removal of retracted study in non-cardiac surgery (Suttner
2009); conclusions unchanged.

22 February 2018 Amended

Following publication of the first version of this systematic re-
view, a previously included study was retracted (Suttner 2009).
This trial has now been excluded and all relevant analyses and
results have been amended accordingly. All NNTB/Hs were recal-
culated according to the formula in the Cochrane Handbook for
Systematic Reviews of Interventions (Higgins 2011). Guideline rec-
ommendations were updated in the Discussion section.

CONTRIBUTIONS OF AUTHORS

Contributions made in previous versions of the review can be found in Blessberger 2014 and Blessberger 2018.

Hermann Blessberger (HB), Sharon Lewis (SL), Michael Pritchard (MP), Lizzy Fawcett (LF), Juergen Kammler (JK), Hans Domanovits (HD),

Oliver Schlager (0S), Brigitte Wildner (BW), Clemens Steinwender (CS)

Conceiving of the review: previous review author F Wiesbauer

Co-ordinating the review: SL

Undertaking manual searches: SL, BW, Janne Vendt (Information Specialist, Cochrane Anaesthesia)

Screening search results: SL, MP

Organizing retrieval of papers: SL, MP

Screening retrieved papers against inclusion criteria: SL, MP, HB
Appraising quality of papers: SL, MP, HB

Abstracting data from papers: SL, MP, LF
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Managing data for the review: SL

Entering data into Review Manager 5 (RevMan 5; Review Manager 2014): SL, MP, LF
Analysing RevMan 5 statistical data: SL, HB

Interpreting data: SL, HB, JK, CS, OS, HD

Making statistical inferences: SL, HB, JK, CS

Writing the review: SL, HB

Securing funding for the review: Cochrane Anaesthesia

Performing previous work that was the foundation of the present study: E. Villanueva, R. Johnston and A. Rauli (preparation of first protocol
draft)

Serving as guarantor for the review (one author): HB
Taking responsibility for reading and checking the review before submission: HB
DECLARATIONS OF INTEREST
Hermann Blessberger: none known

Sharon Lewis: none known

Michael Pritchard: none known

Lizzy Fawcett: none known

Hans Domanovits: none known

Oliver Schlager: none known

Brigitte Wildner: none known

Juergen Kammler: none known

Clemens Steinwender: | have received speaker's honoraria from MSD, Sanofi-Aventis, Boehringer-Ingelheim, Bayer, Medtronic, Biotronic,
Abbott, St. Jude Medical and Boston Scientific. Sanofi-Aventis, Boehringer-Ingelheim Europe, Medtronic, Biotronik, Bayer Austria, Abbott
Vascular, St. Jude Medical and Boston Scientific do not produce, market or distribute any of the studied drug entities. MSD have one beta-
blocker (timolol) in their portfolio.

SOURCES OF SUPPORT

Internal sources

« None, Other.

External sources

¢ NIHR Cochrane Incentive Awards Scheme, 2018, UK.
DIFFERENCES BETWEEN PROTOCOL AND REVIEW

Differences between the previous review and the updated review

The previous version of the review assessed the effectiveness of perioperative beta-blockers in cardiac and non-cardiac surgery
(Blessberger2018). The previous version has now been splitinto two reviews according to type of surgery. This review assesses the evidence
in cardiac surgery only; we made appropriate changes throughout the review to reflect evidence for only this type of surgery. Data for non-
cardiac surgery can be found in Blessberger 2019. Whilst updating the review, we made changes to ensure that it met current Cochrane
standards (Methodological Expectations of Cochrane Intervention Reviews (MECIR)), adding additional subheadings where necessary. In
addition, we made the following changes.

« Authors: we added three new review authors (Sharon Lewis, Michael Pritchard, Lizzy Fawcett), and we removed three review authors
who had been involved in previous updates (Danyel Azar, Martin Schillinger, Franz Wiesbauer).

« Objectives: we re-worded these to account for the inclusion of only cardiac surgery.
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Types of studies: we clarified the inclusion of quasi-randomized studies.

Types of interventions: we clarified the routes by which beta-blockers could be given; previously, we had stated 'any route’, but we did
not intend to include beta-blockers that were administered topically. We clarified the exclusion of studies (or study arms within a multi-
arm study) in which a supplementary agent was given with a beta-blocker; we used this criteria in the previous version of the review.
We added an exclusion criteria for the standard care control group, and excluded studies in which participants were given an agent that
was not given to those in the intervention or in which all participants in the control group were given a beta-blockers; this was because
we expected such comparison groups could introduce too much contamination in the results.

Types of outcome measures: in this section, we clarified the exclusion of studies that did not measure the review outcomes (this was a
change from protocol made in the previous version of the review). We removed some outcomes from this update (myocardial ischaemia,
supraventricular arrhythmias (except for atrial fibrillation), ventricular extrasystoles, bronchospasm, and cost of care). This decision
was made in order to increase the usability, manageability, and focus of the review. We used the work of Myles and colleagues as a
guide to select outcomes that we considered to be most important to the user of the review (Myles 2016), and we sought advice from
the Cochrane editorial team to approve this change. Data from these outcomes are available in the previous publication of this review
(Blessbherger 2018). We included atrial fibrillation and atrial flutter as a distinct outcome that was previously reported with data for
supraventricular arrhythmias.

Search methods: we made changes to the search strategies to include terms for beta-blockers. We did not search additional databases
as part of a search of other resources, nor did we search the National Research Register or the Meta register of controlled trials.

Data extraction and management: we used an amended template for collecting data that was more familiar to the new review authors
who were responsible for data extraction in this review. In order to improve transparency, we added additional detail to the tables in
Characteristics of included studies, and we created a summary table of the participant risk factors (Appendix 9).

Unit of analysis issues: we clarified that we used the 'halving method' for the control group in multi-arm studies during subgroup
analysis by the type of beta-blocker, if necessary.

Assessment of reporting biases: we did not conduct a 'trim and fill' method after generation of funnel plots. We conducted assessment
of reporting bias only through visual inspection of funnel plots.

Assessment of heterogeneity: we did not use meta-regression to explore heterogeneity. Previously, we identified effect modifiers and
assessed them in meta-regression. We could not be certain of our confidence in the findings from so many effect modifiers, and felt that
this additional analysis detracted from the primary analysis. In the review, we explained that we considered clinical and methodological
differences between studies as well as consideration of statistical heterogeneity. We collected clinical differences between study
participants and presented this in a table. In addition, we expanded the information reported in the Characteristics of included studies
tables to present information to the readers of possible effect modifiers.

Data synthesis: we used a random-effects model, which allowed for the potential variation between participants (Borenstein 2010). We
did not calculate optimal information sizes using trial sequential analysis (TSA); for optimal information sizes we used data previously
calculated (Blessberger 2018).

Sensitivity analysis: we evaluated the decision to include studies published prior to 2000; these studies may use clinical management
practices that are not consistent with current standards. We evaluated the decision to use RR with a random-effects model for effects
in which events were rare; in sensitivity analysis, for all-cause mortality, we used the Peto odds ratio.

'Summary of findings' table: we changed the outcomes, replacing supraventricular arrhythmias with atrial fibrillation.

Differences between protocol and previous review versions

Changes relevant to Blessberger 2014 and Blessberger 2018.

Change toinclusion criteria regarding general anaesthesia. The review included studies if more than 100 randomly assigned participants
were operated on under general anaesthesia, or more than 70% of participants received general anaesthesia. This change is not relevant
to the current review because cardiac surgery would always be conducted under general anaesthesia.

Bronchospasm and cost of care were added as secondary outcomes. These outcomes have been removed in the current version (see
above)

Meta-regression was conducted to evaluate potential effect modifiers. This was not completed in the current version (see above).
Trial sequential analysis was conducted. This was not completed in the current version (see above).

Risk ratio was used, rather than the odds ratio.

Data were reported separately for cardiac and non-cardiac surgeries.

NOTES

None.
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